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iz =] HE head measures and cephalic indices which are reported 
===) here were obtained as a part of a larger investigation in 
I ==) which the same children were measured repeatedly during 
<= their growth from birth through early childhood. Most 
of the anthropometric measurements which were made have been 
described in a previous study (3) which gives a full account of the 
sample and the methods of measurement. In the present study we 
are concerned with the transverse and anterior-posterior head dia- 
meters, and the index obtained from them. 

The children measured — 31 boys and 30 girls — are of white, 
English-speaking parentage, living in or near Berkeley, California. 
They are predominantly “Old Americans” largely of North European 
stock — mixtures of English, Scotch, Irish, German, Norwegian, 
Dane, Dutch; with thirteen of these cases reporting French, Spanish or 
Italian ancestry in small proportions. Three are of a pure North 
European nationality. One child is Mexican, probably with Indian 
blood. 

With occasional exceptions (due to illness or absence from town) 
each child was measured once a month on or near his birth date 
during his first year, and at 15, 18, 24, 30, 36, 48, and 60 months of age. 
The data have been studied most completely for the period through 
36 months, with the 48- and 60-month measures treated in less detail. 
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The method of measurement is the same as that described in the 
International Agreement, with the exception that before month 30 
the procedure used at the Iowa Child Welfare Research Station (8) 
was followed in measuring head length — i. e. the nasion instead of 
the glabella was used as the anterior point. This procedure was 
followed because the nasion can be more accurately determined and 
held, in measuring a squirming infant. The data on the two head 
diameters and the cephalic index have been treated in the same man- 
ner as were the other body measures previously reported (3). 


RELIABILITY OF MEASUREMENTS 


The program of tests and observations made it impracticable to 
make repeated measurements at a single visit. The best available 
criteria of reliability, then, are coefficients of correlation between 


TABLE 1 


Self Correlations between Consecutive Measurings of the 
Head Diameters 
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measures taken at adjacent age levels. These correlations are given in 
Table 1. When we take into consideration the growth changes which 
occur from one age to the next, the measures appear to be very re- 
liable, and similar in reliability to the measures of head circumference. 
The average of the correlations (for the first 36 months) between 
measures at adjacent age levels is .92 for head circumference, .93 for 
head width, and .88 for head length. The reliability coefficients of the 
three head measures are higher than for any of the other body meas- 
ures of these children except weight and total length. A high re- 
liability is to be expected, as the measures are made on rigid bony 
points having very little subcutaneous tissue. Head length is the 
less reliable of the two on young infants, as the head must be held firm- 
ly in place, and the anterior point is difficult to maintain while measur- 
ing an uncooperative infant. 

As two different measurements were used in determining head 
length, it will be important to compare their relative reliability, and 
to discover the effects of shifting from one measure to another in 
making comparisons at different ages. The correlation coefficients be- 
tween head length measures in which the glabella is used as the anterior 


point in both (beginning with months 30 by 36) tend to be higher 
than the reliabilities obtained when the nasion is used as the anterior 
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TABLE 2 


Means and Standard Deviations of the Transverse and Antertor- 


through Thirty-Six Months 


Posterior Diameters and the Cephalic Index from One 





























— —— MONTH I MONTH 2 MONTH 3 
No. Mean S.D. No. Mean S.D. No. Mean S.D, 
Head eee “a te £9 31 13.43 .39 30 13.70 .64 
eer 26 12.74 «SI 27 13.09 .58 29 13.20 .59 
Length WE cocwees 50 129% .58 58 13.27. .53 59 13.50 .64 
ae 24 1013 .40 31 1061 .38 31 11.08 = .39 
Head er 26 984 .45 27 10.35 .44 30 (10.72 «48 
Width ae 50 9.08 .44 58 10.49 .4I 61 10.90 .51 
< ee Gouisud a «697.1. 36 31 790 40 30 808 4.7 
Cephalic Giels ......- 26 77.2 5.0 27 79 5.6 29 805 58 
Index I as 50 77.2 3.9 58 70.0 4.4 50 806 57 
smasuen oa MONTH 4 MONTH 5 MONTH 6 
No. Mean S.D. No. Mean S.D. No. Mean S.D, 
Head Boys a welanicdicd 30 13.04 .63 29 414.31 ~«2«.48 29 14.38 .47 
Lena ee 29 «6413.56 .63 27 13.73 47 27. +14.08_—«.50 
re 590 13.76 .58 56 14.03 .56 56 14.23 .58 
ee, canon = “ua Ue 30 11.86 .51 ao mas OS 
Head Girls ........ 29 ILIS  .56 27. «11.55.56 28 11.75 «62 
Width . re 59 11.33 -53 57 IL7I .59 58 11.99 .58 
Cephalic Boys eer ee 30 682.6 4.5 29 827 4.7 290 8490 4. 
icin . er 29 823 58 aw 8&0 54 a 8s sf 
 -danesdes 59 824 5.6 56 83.3 4.9 56 842 5.5 
ereasuss eux MONTH 7 MONTH 8 MONTH 9 
No. Mean S.D. No. Mean S.D. No. Mean S.D. 
Head Boys ee ae 26 14.67 .53 25 1485 .43 25 15.06 .45 
eee 24 14.20 .49 26 14.42 .46 2 «6914.66 «51 
Length ee 50 14.44 .62 5I 14.63. .5I sr 14.86 .46 
RRR 27 61245 «43 25 12.68  .36 27. +1283 «4! 
Head a axines — a0 27. +12.19_ ~.56 29 6412.33.~«62 
Width | ae 52 12.29 .49 52 12.43 .48 56 1257 .60 
: See 26 849 64.0 25 85.1 2.7 25 8&2 329 
Cephalic “er 24 85.1 5.2 26 84.6 4.9 26 838 5.6 
Index a 50 85.0 4.6 5st 848 4.5 51 


84.5 44 
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TABLE 2—(Continued) 
snaetien _— MONTH 10 MONTH II MONTH 12 
No. Mean S.D. No. Mean S.D. No. Mean S.D. 
eee 25 15.30 .55 26 15.50 .36 28 15.68 .30 
Head ey: 21 1481 .37 18 15.16 .53 27 +%15.28 .44 
Length _ ee: 46 15.08 .48 44 15.36 .49 55 15.48 .52 
MN oes awa 26 12.97 .39 26 13.08 .44 28 13.12 .47 
Head I oars occas 25 12.50 .56 19 12.61 .49 28 1262 .58 
Width _ een SI 12.74 .53 45 1288 .54 56 1287 .58 
Cephali Boys neal 25 847 4.2 26 84.3 3.7 2 83.4 3.4 
ane BREE 21 85.0 5.2 1 83.3 5.6 27 822 45 
Index eee 46 84.9 4.1 44 83.9 4.5 55 828 4.1 
neauen om MONTH I5 MONTH 18 MONTH 24 
No. Mean S.D. No. Mean S.D. No. Mean S.D. 
BE sie cleo 27 16.04 .38 24 16.23 .46 24 16.64 .45 
Head Re 25 15.50 .58 24 415.76 .50 21 16.30 .59 
Length , eres 52 15.78 .56 48 15.909 .61 45 16.48 .57 
Head Boys we neceee 27 1328 «4.37 24 13.45 «41 24 13.76 .45 
“ GR eswcreen 25 12.77 .56 24 12.96 .5I 2 13.28 .55 
Width ee 52 13.03 .59 48 13.20 .58 45 13.54 .50 
Cephalic WO a ecdinet 27 826 3.6 24 827 22 24 825 2.6 
ities NE ce snwsaaa 25 823 43 24 821 48 ai 81.4 4.7 
Pee aneuwien 52 825 3.5 48 824 38 45 820 3.6 
MEASURE nx MONTH 30 MONTH 36 MONTH 48 
No. Mean S.D. No. Mean S.D No. Mean S.D. 
Head ae 25 17.00 .55 25 17.22 461 21 17.46 .56 
aaah ES 22 1648 .51 24 16.78 .50 23 417.03 ~««.48 
s - SE 47 16.76 .54 49 17.01 .51 44 17.23 .57 
Head Boys finite aie 25 138) 33 25 14.06 .35 2I 14.19 .44 
Width CEE: oso We bce 22 13.30 .64 24 13.46 .48 23 413.66 .51 
WD deesieen 47 13.61 62 49 13.76 .59 44 13.01 .55 
Cephalic Boys coca area 25 81.6 2.6 25 81.4 3.2 2t 81.1 3.3 
08 GP accansx 22 805 44 24 80.1 4.2 23 802 44 
WEE Sntcwnae 47 81.1 34 49 808 34 44 806 3.0 
MEASURE SEX MONTH 60 
No. Mean S.D. 
ee 22 17.66 .55 
bate TE Secciewas 24 17.16 .50 
gh = Total ........ 46 17.40 .58 
BE” antceck 22 414.33 .40 
banned ee a 24 13.78 .48 
, eer 46 14.04 .52 
. DE svrnevee 22 81.3 3.2 
— Ge wecacane 24 803 41 
nex = Toul ........ 46 808 37 
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point, but not significantly higher than the highest of these. In re- 
gard to the comparability of the two measures, one point to be con- 
sidered is the correlation between measures at adjacent ages in which 
the glabella was used at one age and the nasion at the other. Although 
the relationship between the measures at 24 and 30 months (.85) is 
not among the higher correlations, there are several lower correlations 
between consecutive measures in which both terms are taken from the 
nasio-occipital diameters. The diameter taken from the glabella should 
be expected to be larger than that taken from the nasion, but the 
relative head size of the children seems to change only slightly with 
this change in the measurement. With this qualification in mind, then, 
we may proceed to compare the measurements taken after 24 months 
with those taken earlier. 


GROWTH OF HEAD LENGTH AND HEAD WIDTH 


Figure 1 and Table 2 show that growth in size is comparatively 
rapid during the first year and very slow after this age, with decelera- 
tion in rate from birth through five years. In this respect these trends 
of growth are similar to those found for other body measurements 
on the same children (3). The two curves in Figure 1 are not parallel, 
however. Head width grows more rapidly during the first seven 
months, while head length grows more rapidly after eight months. In 
both measures, for all ages, the boys are slightly larger than the girls 
(Table 2). There is no trend with age in the sex difference in head 
length during the period studied; but in head width the difference 
tends to become greater with increasing age. The magnitudes of these 
sex differences are, on the average, similar to those reported by Wallis 
(12) for similar ages. She has shown that the sex differences in young 
children are much smaller than in adults. 


CHANGES IN CEPHALIC INDEX 


As would be expected from an observation of the varying rates of 
growth obtained for the two diameters, the cephalic index does not re- 
main constant, but increases from birth to seven months and decreases 
after ten months (Figure 2 and Table 2). After month twelve the 
changes in the index are comparatively small, but consistent in their 
direction. Both sexes follow the same course of growth. The child- 
ren at birth are relatively dolichocephalic, rapidly becoming brachy- 
cephalic until about seven months of age. After ten months the ten- 
dency is toward increasing dolichocephaly. This later trend is in 





~~ (O — FY ww = 


nm ~~ 


n 
n 
s 
d 
e 
e 
s 
4 


GROWTH CHANGES IN CEPHALIC INDEX 7 


keeping with that found in other studies of age trends in cephalic 
index (5, 6, 7). Although there are only incomplete data in the 
literature on cephalic indices during the first year, those available tend 
to corroborate our findings. 
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' 
AGE IN MONTHS 
Fic. 2. Curve oF MEANS OF THE CEPHALIC INDEX 


Tschepourkowsky (11) gives mean indices for monthly intervals from months 
one through six for Russian infants. His data are based on measures of 709 
boys and 797 girls. These indices make a steady increase from 82.3 at month 
one to 87.5 at month six for boys, and from 82.3 at month one to 86.05 at month 
four for girls. The girls’ means drop slightly at months five and six (to 85.2), 
but there are fewer cases at these ages. Ranke (10) gives mean indices for 11 
boys and 9 girls under 21 days of age. These means are 81.5 and 80.7, re- 
spectively. His mean for the next age interval, one year, is based on only 2 
boys and 7 girls and is 83.9 for both sexes. His means for the later ages do 
not again fall as low as those given for new-borns until nine years. These 
data, too, show that there is an increase in cephalic index after birth. But 
the trend toward increasing brachycephaly is more plainly evident in Tschepour- 
kowsky’s data. This trend is closely similar (though the indices are all higher) 
to the trend found in the present study, toward increasing brachycephaly from 
birth to seven months of age. Since the Infant Growth Study sample, though 
small, is constant, this curve of growth through the first three years cannot be 
the result of chance variations due to sample selection. 


SEX DIFFERENCES IN CEPHALIC INDEX 


Although the sex differences in this group of sixty children are 
too small to be statistically significant it is interesting to note that 
after month eleven the mean for the boys is always higher than that 
for the girls. This sex difference after eleven months is in accord with 
the results of a number of other studies. 


Gray and Ayres (7) found the boys’ cephalic indices to be higher from one 
to eight years, after which age the girls’ indices were higher. Wallis (12), 
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who summarized the data of a number of studies in comparison with her own, 
found that, as a rule, boys have higher indices than girls from two to six 
years, after which ages the sexes are closely similar for a while and then the 
boys’ mean index becomes smaller than the girls’. This is not true for all racial 
groups, however. In some races studied the relationship fluctuates from age to 
age, and in others the girls remain more brachycephalic at all ages. A recent ex- 
ample of this latter condition is given by Fleming (6) who found, in a large 
group of Welsh children, that: “At all ages girls are slightly more brachy- 
cephalic than boys, and at adolescence this tendency becomes much more distinct.” 

Wallis has interpreted these sex differences to mean that the girls are, in 
this as in other physical characteristics, relatively more mature than boys of 
the same age. After the girls approach their adult proportions, the boys con- 
tinue to grow more dolichocephalic until the adult relationship between the sexes 
is reached. The sex differences reported in the various studies are all very small, 
and may not be mathematically significant, but most studies do show the same 
directional trends. 


If the differences found for the Infant Growth Study group are 
true differences, which follow the processes of maturation suggested 
by Wallis, this difference is not evidenced in a more rapid increase in 
index for the girls during the first seven months. The differential 
growth rate does not become apparent before ten months of age at 
the very earliest. Tschepourkowsky’s data show no early sex differ- 
ences either. His means for the sexes are remarkably close at all but 
month six. 


WHAT CAUSES THE CHANGE IN CEPHALIC INDEX? 


The question may be raised whether the head shape in the early 
months results from birth molding, or from pressure during early 
infancy, or is a function of innately varying rates of growth in dif- 
ferent body parts. An answer to the first possibility is indicated in 
the one case of Caesarian birth in this group (Figure 3). The curve 
of changes with age in this child’s index starts well below the aver- 
age of the group and makes an even more pronounced shift from a 
low to a high index during the early months than is found for the 
group as a whole. Though one case cannot give conclusive proof, 
it lends weight to the hypothesis that the change is not a result of ex- 
ternal pressure at birth. Further support of this hypothesis is to be 
found in the fact that, though the boys’ heads, in all dimensions meas- 
ured, average slightly larger than the girls’ heads, and might, there- 
fore, be more subject to pressure at birth, there is no suggestion of 
a sex difference in the indices during the first eight months. In ad- 
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dition, the children have been divided into first-born and non-first-born, 
eliminating twins and cases where the only previous pregnancy was not 
completed (Table 3). There are 26 first-born, and 28 non-first-born. 
The mean index of the first-born is smaller for the first four months 
of age, but the two means differ by only one or two points. This dif- 
ference is too small to be significant. 
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Fic. 3. Curve oF THE CEPHALIC INDEX oF CASE 44 


Boas (5) considers the possible effect of pressure on the back of 
the head on infants’ cephalic indices, but concludes that indices of 
different national groups show no relation to the customary treatment 
of the infant in such things as swaddling, using soft feather pillows, 
etc. It has been possible, in the present group of children, to observe 
the influences of pressure by another method. Since individual child- 
ren vary greatly in their activity, the inactive child might lie inert on 
the back of his head for many more hours than the active child, and 
so might become more brachycephalic. To test this supposition, the 
amount of change in a child’s index (from the index at month one to 
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TABLE 3 


The Mean Cephalic Index of First-Born as Compared with 
Non-First Born Children 





FIRST-BORN NON-FIRST BORN 





Boys Girls Total Boys Girls Total 
No. Mean No. Mean No. Mean No. Mean No. Mean No. Mean 





13 .76 23 .77 a 79 
14 .78 78 > 81 
80 6 i 83 
ae 82 4 84 
sm ; 16 85 
SF } 15 

aa d 14 
a j 13 
I d 13 

10 . d 14 

10 . 13 

13 

13 

13 

a 4 ‘ 83 
rr 81 F 82 


: 81 
11 1 8I 81 


81 


7 
5 
9 
9 
8 
7 
9 
8 





the highest index reached by him) was correlated with his activity 
at twelve months as rated on a seven-point scale. The correlation is 
—.39. That is, there is apparently a slight, but definite tendency for 
the inactive children to change more in head shape during the early 
months of life. A smaller and insignificant relationship is found between 
amount of change in cephalic index and the children’s scores in tests 
of “antigravity” responses (ability to hold head erect, to sit up, etc.) 
at six months. This correlation is —.21; that is, there is possibly a 
very slight tendency for children with high scores to have smaller 
changes in cephalic index. On the other hand, although the mean of 
the indices starts to decrease soon after the children are able to sit 
alone, there is no relationship between the age at which a child first 
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sat alone steadily and the age at which his index was highest: the r 
is .O5. 

It appears, then, that pressure on the back of the head does have 
some influence in changing a child’s cephalic index. However, it is 
doubtful if this is the only factor influencing the early increase in 
brachycephaly. A third possibility is that the changes may be a func- 
tion of innately varying rates of growth in different parts of the head. 
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Fic. 4. Curve or THE CEPHALIC INDEX oF CASE 2 


The indices of another child in the Infant Growth Study support 
this latter possibility. Case 2F (Figure 4) is a child with a definite 
facial asymmetry who habitually lay on one side, and cried if placed 
on her back. In comparison to the group she was very dolichocephalic 
at all ages. But in spite of the fact that she never lay on the back 
of her head, her index shows a steady increase from 71 at month one 
to 76 at month eight, and after month nine it drops again. If pressure 
on the head caused by lying in one position were the sole factor in 
changing the shape of the head, we should expect a decrease rather than 
an increase in the cephalic index of this child during the first eight 
months. 

The relatively more rapid increase of the lateral dimensions during 
the first year has been noted previously for other measurements (3). 
Hip width, shoulder width and chest width, when each is compared 
to itself at month one, grow, during. the first year, relatively more 
rapidly than does total length. The Weight/Length? index and the 
Hip-width/Length index both show age trends similar to that of the 
cephalic index, though in these two body build indices the measures 
of width are compared with length rather than with anterior-posterior 
dimensions. 
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Since there were no distinctly separate racial or nationality groups 
it was impossible to determine whether there are racial differ- 
ences in the individual curves of growth. The present findings indicate 
that the two factors most influential in changing the shape of the head 
are (1) pressure on the back of the head during the early months, 
and (2) innate differences in rates of growth of different parts of the 
head. 


CORRELATIONS OF HEAD LENGTH AND WIDTH 


TABLE 4 


Intercorrelations of Measures 





MONTH 





Head Width by Head Circumference.... . . 68 
Head Width by Weight ‘ P .59 
Head Width by Length : i 57 
Head Width by Head Length d d .26 
Head Length by Head Circumference... . : .70 
Head Length by Weight ; ‘ .60 
Head Length by Length : j 58 


BEAaLSEES 





The two diameters of which the cephalic index is composed have 
been correlated with each other, and with head circumference, total 
length and weight. In the previous study (3), when any one of the 
body measures was compared with any other, the correlations were 
found to be of the order of .50 or higher. An inspection of Table 
4 shows that the same tendency holds for a relationship in size of the 
head diameters to other body measures. But when head width is 
compared with head length the correlations are very low — of the 
order of .20. These are the only two measurements, of those which 
have been correlated on these children, that do not show a definite 
relationship between their relative magnitudes. Whether there is any 
significance in this deviation from the general tendency for body 
dimensions to correspond, it is difficult to say. Since the two head 
diameters are among the most reliable measurements, we may assume 
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that the lack of relationship between them is not caused merely by 
errors of measurement. The low association may possibly be the re- 
sult of environmental influences on a few of the cases: differing 
amounts of birth molding in the first month, and pressure on the 
back of the head of inactive babies at later months might serve to 
distort the two diameters of a few children sufficiently to reduce the 
correlations almost to zero. 

Correlations between head length and width have been reported in several 
studies. Fleming (6) correlated measurements of over six thousand observations of 
Welsh children between the ages of three and eighteen years, and obtained, 
partialling out age, correlations between head breadth and head length of .29 
for boys and .36 for girls. Her data, however, show equally low relationships 
(r’s ranging from .25 to .35) between each of these head diameters and stature. 
This disparity between her results and ours in these latter correlations may 
be due to differences in sample, and in treatment of the data. Fleming’s data are 
obtained from different age and racial groups, and age is made constant sta- 
tistically rather than by actual age groupings. Wallis (12) correlated measure- 
ments of diameters of groups of crania, and found that the r’s between head 
breadth and length varied, in different racial groups, from .62 to —.04, with 
high r’s to be found in groups with small standard deviations of the cephalic 
index, and low r’s occurring where the standard deviations are large. Most of 
the correlations are of approximately the same magnitude as those found in 
the present study, though the indices of the infants tend to have larger stan- 
dard deviations. The greater spread of the infants’ indices may be due both 
to greater racial heterogeneity of the sample, and to the variation caused by 
rapid growth changes in the indices of some of the children at these early ages. 
The S. D.’s are especially large from months three to eleven, when they are 
affected by wide individual differences in tendency to change with age. 


CONSISTENCY OF CHANGES IN CEPHALIC INDEX 


We have seen that, for the group, the cephalic index changes with 
growth. It will be of interest, then, to determine whether these changes 
are to be found in all individual cases, and whether the children tend 
to maintain their relative position in the group. It is clear that, on 
the average, the children are more brachycephalic from seven to nine 
months than they are before or after this age; but do those who are 
most brachycephalic at this age tend, also, to be most brachycephalic 
at other ages? One way of determining this is to compute correlations 
between the indices obtained at varying ages. Some of the r’s are 
given in table 5, showing the consistency of the index between differ- 
ent ages. When the age interval between measurements is relatively 
short, the correlation tends to be high, especially after twelve months. 
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TABLE 5 


Self Correlations Showing Consistency of Relative Head Shape 





MONTHS 











But when the interval is increased the correlations drop, although 
there is still a definitely positive relationship over the longest interval 
studied here, as shown by the correlation of .55 between the measure- 
ments at months one and sixty. It is not until twelve months, when 
the index has reached a point after which the change is very gradual, 
that the correlations show a very high consistency, or stability, in head 
shape. 

Individual children differ in rate of growth, in the extent to which 
the index changes, and in the age at which the highest index is 
reached. These differences are shown most clearly in the individual 
curves of growth of which figures 3 and 4 are widely different 
samples. The individual curves also explain the larger S. D.’s of the 
cephalic index during the first year (Table 2), and the lower con- 
sistency of indices under one year, when two ages are correlated 
(Table 5). 

When the individual curves are plotted for each child the curves 
are found to vary widely in their tendency to change, ranging from the 
curve of one child whose increment from the lowest to the highest 
index is only two points to one whose increment is 16 points, with the 
majority exhibiting curves similar to the mean of the group (Fig- 
ure 2). The curves may be roughly classified according to (1) the 
amount of increase after month one; (2) the amount of decrease at 
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later ages; and (3) the ages at which the highest indices occur. The 
first classification has been used in showing the significance of en- 
vironmental factors on head shape. The two latter classifications 
have, as yet, yielded no significant relationships to other factors. 

The extent to which the head shape is related to other character- 
istics of the individual has been studied in this group for a few 
characters. It seemed possible that cephalic index is related to body 
build as manifested in some of the indices of build which we have 
computed (3). This appeared all the more likely, as the curves of the 
group averages of the cephalic index and the Weight/Length*? index 
have similar trends of growth. We see, however, from the correla- 
tions in Table 6 that, for individual children, at no age is the size of 
the cephalic index related to that of the Weight/Length? index. 
Neither is there any relationship between cephalic index and the 
Stem-length/Length index. Within this sample, brachycephalic in- 
fants are not more likely to be of pyknic build; nor are the dolicho- 
cephalic children more often leptosomes. 

Table 7 shows that in this group of children there is no signi- 
ficant relation between the shape of the head and relative maturity 


TABLE 6 


Correlations of Cephalic Index with Indices of Body Build 
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TABLE 7 


Correlations between Cephalic Index and Performance 





MENTAL TEST MOTOR TEST 
SCORES SCORES 








34 
09 
39 


12 

—.03 

.04 

49 —.22 
46 —.14 





of performance in either mental or motor test scores.1 The slight 
tendency toward positive r’s with the mental test scores at the ages 
when the index is increasing, and negative r’s when the index is de- 
creasing may possibly be more than a chance factor. If so, one 
might say that the more rapidly maturing child tends to mature more 
rapidly both in head form and in performance on mental tests. The 
low correlations, however, make such a conclusion extremely tentative. 


SUMMARY 


Head width and head length may be measured reliably in children 
as young as one month of age. 

The cephalic index, on the average, increases rapidly from one 
through seven months, remains at an approximately constant level 
until ten months, and then decreases — very slowly after twelve 
months of age. Individual curves show that the children vary in 
the extent to which they become more brachycephalic during the first 
year, but all of the children in this group exhibit the tendency to 
some extent. 


*The tests used are the California First-Year Mental scale (1) and the 
Infant scale of Motor Development (2), both of which were standardized on this 
same group of children; and the California Pre-school Mental Scale by A. S. 
Jaffa (9). 
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The less active of these children who would, accordingly, spend 
more time lying on their backs, tend to have greater increases in 
cephalic index than do the more active children. But the relationship is 
not high. There is some evidence that the change is due, in part, to 
physiologically disparate rates of growth in the two head dimensions. 
There appears to be no relationship between head shape and nationality, 
or conditions of birth. 

The standard deviations of the indices are larger during the first 
year when growth changes are most rapid, and when there are large 
individual differences in the extent to which the index changes with 
growth. 

There is very little association (r of .20) between the two head 
diameters in the same individual. This is a radical departure from 
the correlations of .50 or above between other body dimensions for 
the same children and may be due to external pressure which affects 
the cephalic proportions of some children more than others. 

Correlations between cephalic indices of the same children at differ- 
ent ages are fairly consistent at all ages measured, with high relation- 
ships (a) when the age interval is small, and (b) after the age of 
twelve months, when growth changes are small. 

The cephalic index is not related to the Weight/Length? or Stem- 
length/Length indices of body build. Neither has the cephalic index 
any significant relationship to ability in tests of mental performance 
or motor coordination. 
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HOMOGAMY AND INFERTILITY 


BY CHARLES M. POMERAT 
Department of Biology, Clark University 





=== ECORDS of a consecutive series of 107 infertile married 
couples who had been thoroughly studied for diagnostic 
purposes at the Evans Memorial (Boston, Massachusetts) 
4) afforded an excellent opportunity to investigate the pos- 
sible relations existing between homogamy and infertility. 


The routine program for this study of sterility has been described by Rowe 
(9), and a preliminary discussion of the constitutional factors involved was 
published by Meaker in 1929 (4). 

I am grateful to the late Dr. A. W. Rowe and to the other members of the 
Evans Memorial for their kindness in placing their records at our disposal; and 
to Miss Edith Fishman for indispensable technical assistance. 


AGE 


Homogamy correlations in age are subject to the difficulty that they 
may have age heterogeneity as a component; thus a coefficient derived 
from a general population will inevitably be larger than one from a 
population of pairs recently married. 

The order of the former is derivable from the figures of Pearson and Heron 
(7) on the British census and those of Willoughby (11) on Boas’ immigrant 
population — .92 and .84 respectively; fairly homogeneous populations have 
been studied by Lutz (2), Carter (1), Schiller (10), and Outhit (5), and these 
yield figures of .76, .75, .69, and .79 respectively. The most representative value 
of the latter group is probably Lutz’ .76, and the lowest Schiller’s .69. 

The median age for husbands in the present series is about 33, and 
that of the wives about 30, and there are few cases of either sex above 
40 years of age. Thus this may be considered a fairly homogeneous 
population, and thus expected to have a relatively low coefficient; it 
has one, however, of .51 + .05, which is some twenty points lower than 
the lowest previously found, and in consequence is an outstanding 
characteristic of the infertile group. The variation due to nationality 
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shown in Willoughby’s study (11) —- .82 to .89, with one small group 
at .66 — gives no ground for supposing that this result may be in- 
fluenced by any anomalous racial composition. 


STATURE 


This simple and satisfactory measure yields means of 170.9 and 
159.5 cm. for the males and females respectively of the infertile series, 
with corresponding standard deviations of 3.5 and 3.2 cm. The mean 
for the female is anomalously low, when compared with that given by 
Martin (3) for Europeans. 

The homogamy coefficient in stature for the infertile series is 
.63 + .04, the highest figure yet found for a somatic character in man. 
A check series composed of Husband A vs. Wife B, Husband B vs. 
Wife C, etc., yielded a coefficient of .o1, thus ruling out the possibility 
of general intercorrelation throughout the series. Other presumably 
comparable coefficients (11, 6, 8, 10) range from .o8 to .33, with an 
average value of the order of .2; they appear to be somewhat subject 
to socio-economic influences, but very slightly to racial or national 
ones. Thus there seems to be nothing immediately in view to in- 
validate the hypothesis of some sort of organic relationship between 
the infertility and the exceptionally high homogamy. 


PHYSIOLOGICAL MEASURES 


On account of the difficulties inherent in basal metabolism de- 
terminations, a subseries of 49 pairs were distinguished in which the 
data were regarded as fairly stably determined; the homogamy co- 
efficient for this subseries was .33, and that for the total series of 107 
pairs was .23. Comparable data for fertile pairs are lacking. 

For per cent deviation from prediction in lung volume, a coefficient 
of .22 was found, and for total blood nitrogen .47; the latter de- 
termination in particular is subject to an error due to the extreme 
variability of blood composition. 

A study was made of variations in the homogamy coefficient for 
height as a function of the incidence of endocrinopathy, careful diag- 
nosis of which was made in connection with the infertility. In 26 
pairs in which one member had a thyroid disturbance (most typically 
insufficiency) the coefficient was .46; in 64 pairs one or both members 
of which suffered from pituitary dysfunction the coefficient was .58; 
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in 26 pairs characterized by ovarian insufficiency it was .55; and in 19 
pairs without endocrine etiology it was 82. 


OrHER SOMATIC MEASURES 


Homogamy coefficients of appreciable size were obtained for area 
(.41), trunk length (.40), and weight (.30) from this series; and 
insignificant coefficients were found for chest circumference (.14) 
and hip circumference (.07). All these except trunk length can be 
regarded as depressed by the error due to differential fat accretion 
with age and sex. Their significance for infertility is unknown, as 
there are no comparable figures for the fertile. 


Tue ErFrrects oF HEIGHTENED FERTILITY 


An attempt was made to ascertain the correspondence between 
fertility and homogamy by subdividing the Boas populations investi- 
gated by Willoughby (11) so as to secure smaller populations of ex- 
ceptional fertility (more than three children, or in one case where 
this would have given inadequate numbers, more than two). 

The age correlations in these subpopulations are slightly depressed 
(.89 to .88, .83 to .71, and 83 to .76 or .78); this result apparently 
follows from the fact that a population with more than three children 
is necessarily one more homogeneous in age than an unlimited popu- 
lation. The somatic correlations are essentially unaffected in the case 
of two of the racial groups considered, but significantly raised in that 
of the Italians (.12 to .19 for the average of four measurements 
and two indexes). 

It will be recalled that there are in the literature some occasional 
references to the correspondence of homogamy with fertility, but 
that they are inconsistent as to direction. 


SUMMARY 


In a study of a series of 107 infertile couples at a sterility clinic 
certain alterations of normal homogamy coefficients were established 
which appear to point to possible etiological significance : 

(1) The homogamy in age is conspicuously depressed below that of 
the general population. 
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(2) The homogamy in stature is conspicuously elevated above that 
of the general population. 

(3) There are marked variations in stature homogamy corresponding 
to type of endocrinopathy, increase being in the following order : thyroid, 
pituitary, nou-endocrine. 

(4) Re-examination of the data of another study yields a result sug- 
gesting that — in contrast with (2) — in Italians a portion of the 
population selected for demonstrated fertility may be more homo- 
gamous than the general population; this result is not found in other 
nationality groups. 

These findings, taken in conjunction with those already in the 
literature, suggest that the influence of homogamy upon fertility is 
real but specific, acting in different directions for different characters 
and to different degrees in different groups and characters; which, 
in turn, suggests that more comprehensive mechanisms may be dis- 
covered of which both homogamy and fertility are functions. 

Distributions and homogamy coefficients for physiological characters 
not heretofore so analyzed are presented in an appendix. 


REFERENCES 


. Carter, H. D. Family resemblances in verbal and numerical abilities. Genet. 
Psychol. Monog. 12; 1-104, 1932. 

2 Lutz, F. E. Assortative mating in man. Science, 22; 249-250, 1905. 

. Martin, R. Lehrbuch der Anthropologie, 1928. 
Meaker, S. R. Constitutional factors in the causation of sterility. Jour. 
Am. Med. Assn., 92, 1493, 1920. 

. Oururr, M. C. A study of the resemblances of parents and children in 
general intelligence. Arch. Psychol., 149, 1933. 

. Pearson, K. Mathematical contributions to the theory of evolution. Phil. 
Trans. Roy. Soc. London, B, 195, 145-150, 1900. 

. Pearson, K., and Heron, D. On theories of association. Biometrika, 9, 
159-315, 1913. 

. Pearson, K., and Lez, A. On the laws of inheritance in man. Biometrika, 
2, 373 ff., 1903. 

. Rowe, A. W. Some constitutional factors in human sterility. Proc. 2d Int. 
Cong. Sex. Res., 535-544, 1930. 

. Scurtter, B. A quantitative analysis of marriage selection in a small group. 
Jour. Soc. Psychol., 3, 3, 207-319, 1932. 

. WitLovcHsy, R. R. Somatic homogamy in man. Human BroLocy, 5, 
4, 690-705, 1933. 





HOMOGAMY AND INFERTILITY 


APPENDIX 


TABLE 1 


Age at Time of Examination 
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33.66 2.45 
29.80 2.32 7.79 





TABLE 2 


Distribution of Height in Centimeters 
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TABLE 3 


Distribution of Measurements of Trunk, Chest, Hips in Centimeters 





8 oo 92 994 6 98 
25 25 25 4 6 I 
10 10 I I 


M o Vv du/%a dg/¢ 4 
90.52 1.56 1.72 29.23 0.89 
85.37 1.70 1.99 
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crea wewaw ts FF a 
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Itt N M ¢ V du/%a dg/*4 
107 ~=— 9.60 218 2.38 57:10 0.07 
I 107 74.62 2.17 2.91 
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g V du/%a dg/%4 
1.3 1.44 8.14 1.47 
1.5 1.59 





TABLE 4 


Distribution of “All” and “Sure” Metabolic Rates 





—20 —I5 —I0 —5 +10 +15 
30 18 
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POPULATION GROWTH DUE TO IMMIGRA- 
TION AND NATURAL INCREASE 


BY VICTOR S. VON SZELISKI 





1203 Geranium St., Washington, D. C. 
I. THE LOGISTIC CURVE 


1T HAS been known for some years that the logistic 
=| U 
{| (1) = I + et—4,) 
===] gives an excellent fit to the United States population. p 
is the population, U its upper limit of growth, t is time and a and f, are 
constants. It has the differential equation 





(2) rdp _ 


Indeed, the 1930 population of the United States came within less than 
\% of 1 per cent of the forecast from the Pearl-Reed curve, fitted to 
data through 1910. The more careful determination of Hotelling' lead- 
ing to the equation 

I dp 
p dt 
indicated a 1930 population of 121,000,000 as against a census count of 
122,775,000 on April 1, 1930. 





(3) 1000 = 31.239 — 0.15949p 


A more generalized form 


= Ui U; C 
(4) p= remit + rt + 


fits the observed populations of Germany and Algeria.’ 








* Hotelling, Harold, Differential Equations and Population Growth, Journal 
of the American Statistical Association, Sept. 1927, p. 283 

*Raymond Pearl, The Biology of Population Growth, Studies in Human 
Biology 
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2. NON-LOGISTIC FACTORS IN U. S. POPULATION GROWTH 


Now, while these fits are undeniably good, certain assumptions in 
the logistic theory appear unreasonable. For one thing, the Pearl 
theory assumes a fixed upper limit U. This is difficult to accept, be- 
cause (a) the physical conditions determining the upper limit of popu- 
lation growth in the United States have certainly undergone a change 
during the last century, and (b) so much of the U. S. population 
growth is due to immigration, a factor not taken account of by the 
theory. 


(A) In the case of Pearl’s experimental populations of 
Drosophila, the glass bottle and the food supply set the upper limit 
and these remained constant during the experiment. But in the early 
days of the Republic the “bottle” was about 500,000 square miles be- 
tween the Appalachians and the seacoast, and in this was growing 
an agricultural and handicraft economy without means of transporta- 
tion. With the building of the canals and roads, the sides of the “bottle” 
were slowly pushed back, and by about 1840 the frontier line was at 
the Mississippi and the Great Lakes. After the Civil War and the 
great railroad development, the “bottle” was expanded to the full area 
of the Continental United States. 

There was more than mere physical growth. A century of in- 
ventions made it possible for people to live in undreamed of comfort 
at a density of tens of thousands to the square mile. 

Lotka® feels this difficulty and suggests that “It is true that, in 
[the growth of certain human populations] they have carried along 
with them a complicated industrial system or group, comprising both 
living and non-living elements. We may, however, look upon the 
number of the human population itself as a sort of single index or 
measure of the growth of the group as a whole.” 


(B) The total net immigration since the founding of the 
American Colonies is probably over 30,000,000, or one-quarter of the 
present population. Its contribution to the population has been any- 
thing but logistic. At first, immigrants were very few, partly because 
of the dangers of the transatlantic voyage. Regular sailing packets 
were not established till the 1820’s and the first steamship crossed the 
Atlantic in 1838. The Irish potato famine of 1845 started the first 
of the great immigration waves. 


*A. J. Lotka, Physical Biology, p. 64 
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TABLE 1 


Population 
(In Thousands) 





POPULA-  POPU- 4 NATURAL INCREASE IMMIGRATION 
TION AS LATION POPU- 
By Smoothed By Cumu- Smoothed 


REPORTED ADJUSTED LATION Decades Decadian Decadian 
a/ b/ d/ (3)-(6) Rate Decades lated Sate 





YEAR 





(1) (2) (3) (4) (5) (6) (7) (8) 





655 
890 
1210 
1615 
2215 
2801 
3964 
5363 
7270 
9673 
12921 
17154 
23260 
31502 
399015 
50262 
63056 
76129 
92422¢ / 
105711 106424¢/ 
122775 123191 
131775 
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TABLE 1 — (Continued) 





POPULA- POPU- A NATURAL INCREASE IM MIGRATION 


TION AS LATION POPU- By Smoothed By Cumu-Smoothed 
REPORTED ADJUSTED LATION Decades Decadian po 40. lated Decadian 
a/ b/ d/ (3)-(6) Rate Rate 








(1) (2) (3) (5) (6) (7) (8) 





1950 
19008 = 75905 76129 9652* 18284 
1910 91972 92422 11234* 24527 
1920 105711 107532 13149* 27256 
1930 122775 123191 10820 30087 
1940 131775 131821 8630 

1950 





Thompson, Warren S. and Whelpton, P. K. Population Trends in the United 
States, McGraw-Hill Book Co. 1933, p. 1 

Adjusted for (a) non-reported areas (1790-1840); (b) July 1 population 
W. I. King, The National Income and Its Purchasing Power 

Decennial increase calculated from Col. (2) 

Thompson and Whelpton, p. 301 

Figures for these years are adjusted for effects of war on natural increase 
and immigration 

Natural increase in these years 1055, 1389 and 1108, respectively 

Figures for 1940 and 1950 estimated in order to calculate interpolated values 
for 1930 


The next great wave, after the Civil War, was due to the attraction 
of the New West. See chapters on immigration in any good economic 
history of the United States. 


3. DATA 


The first column of Table 1 gives the reported Census counts, the 
1870 count being adjusted upward for under-enumeration. The second 
column is (a) adjusted for population in areas not covered by U. S. 
Census during 1790-1840. (This was done rather crudely by extra- 
polating available data backwards) ; (b) adjusted to July 1 (the date of 
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the decennial Census varies). Column 3 shows the decadian increase, 
made up of natural increase (column 4) and net immigration (column 
6). Early immigration data are very unsatisfactory, and so is cumu- 
lated immigration (column 7). “Franklin, when he estimated in 1755 
that there were ‘near a million souls’ in the colonies, thought that 
scarce 80,000 had been brought over by sea.’”* 

The natural increase and immigration were interpolated by the 
formula® 


. I 
u'(o) = = —-s +78 + 7u,—u,| 
us ~s Fy 2 


I 
Thus the decadian rate of natural increase at 1790 iss (— 566 + 7 


X 1123 + 7 X 1349 — 1845) 


4. DIFFERENTIAL EQUATIONS FOR NATURAL INCREASE 
AND IMMIGRATION 


population derived from natural increase, i. e. all children born 
in the country in excess of deaths 

population derived from immigration; cumulative net immi- 
gration. Children of immigrants in excess of decedents are 
counted in the y-population, inasmuch as they are natural in- 
crease. 


Then write 


(5) dy/dt = k(y + 2) (U—y—2] 


This is the differential equation of the ordinary logistic curve, where 
the population p is given by (y + 2), and increase from births appears 


*E. L. Bogart, Economic History of the American People. 
*This formula gives the center ordinate of a cubic u’ (x) fitted so that 


-1 
§ u’dx = =u in interval (—2, —1) 
--2 


8 
§ u’dx — Zw in interval (—1, 0) 
~1 


1 
§ou’dx — =u in interval (c, 1) 


2 
§.u’dx = =u in interval (1, 2) 
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in the left-hand side instead of natural increase. The natural increase 
rate per head is given by 


+. 2 <1.v-—(W+) =U) 
° — = —_— 4 = — 
y+e2 dt , ? ; 
The differential equation for net immigration is harder to select, 
and none appears wholly satisfactory. The determinants of immi- 
gration are 

(r.) opportunities in the new country compared to 

(71) opportunities in the old and to 

(c) cost and discomforts of the voyage and 

(f) physical facilities for transport 


We can, not without some misgivings, take z itself as a measure 
of the carrying capacity of the transportation equipment; and, neg- 
lecting the other factors for the moment, write 


dz 


kos 
(7) 7 2 


which states that, in the absence of inhibiting factors, immigration 
tends to grow according to the exponential law. The full equation 
might be given by 


(6) 


We may call () the attractiveness factor, and if we assume that this 
is proportional to the as-yet-unexploited opportunities for population 
growth, the “vacuum” between (y + 2) and U, (8) may be written 
as 

(9) = bae(U :) 

, - eae 


and the population growth of a country will be given by the simul- 
taneous differential equations 


dy 


a @ ae ih 7 eo 





(10) 


o 


= i U— ° 
- [ p] 
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These equations state that the natural increase per head and the 
immigration per cumulated immigration are both linear functions of 
the attained population. The former is especially important because 
it is the equation required by the logistic theory. Pearl neglected the 
immigration effect and used the equation (2). 


5. AGREEMENT WITH OBSERVATIONS 


Natural increase per decade per head is shown in Column (a) of 
Table 2, and the graph. Decidedly, it is not linear, and hence the 
United States population growth does not verify the logistic theory. 


As the curve is convex to the p-axis, it appears as if the upper limit 
towards which the population was “aiming” at the time has steadily 


risen. For example, if we fit a straight line to the 4 points for 1790, 
1800, 1810 and 1820, we find it intersects the p-axis at 64,000,000. 
Similarly a straight line fitted to the populations for 1820, 1830, 1840 
and 1850 indicates an upper limit of 76,000,000. The upper limit indi- 
cated from the years 1890—1920 was 474,000,000 and that calculated 
from the period 1900—1930 indicates a potential population of 
247,000,000. 
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Now the interesting thing about these indicated potential popu- 
lations is not so much their failure to remain constant with the passage 
of time, as required by the logistic hypothesis, but their general agree- 
ment with historical analysis. That analysis shows a constant upward 
shift of the potential due to new inventions and discoveries. It is im- 


TABLE 2 


Rates of Natural Increase and Immigration 





RATE OF IMMI- 


NATUGAL quran 2 26—(8U™ P 
- (s)/(2)* (8) /(2)* (a) + (b) (8)/(7)* LIMIT (1) + (4)* 





(c) (d) 





1860 


1880 
1890 
1900 
1910 
1920 
1930 


1900¢ ‘ F . ‘ 164,000 
1gI0¢ ‘ P , ‘ 246,000 
1920% F P , ‘ 474,000 
1930% F O12 j .047 247,000 





% Figures for these years are adjusted for effects of war on natural increase and 
immigration 


* Figures in parentheses refer to numbers of columns in Table 1 
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possible to read in economic history how population movements were 
conditioned by the geographical knowledge, the highways and the state 
of the arts of the time, how births and deaths were affected by the 
contemporaneous state of medicine and sanitary engineering and how 
large cities were made possible by the development of agricultural 
machinery, high speed transportation, electric power, steel frame build- 
ings, refrigeration, and canning, and believe that in earlier periods the 
population was growing towards an upper limit governed by physical 
factors and inventions which were not to come into being for fifty 
years. It is much more natural to believe that the population at any 
one moment is growing towards the upper limit imposed by the exist- 
ing physical factors. In this view the observed population curve 
consists of a number of short logistic arcs a, @,, G3, @,, etc. growing 
towards the successively higher limits U;, U,, U;, U,, etc. (See Chart 2), 
and the eventual upper limit is indeterminate, and cannot be inferred 
from past observations. 

It may be that human populations can indeed be represented by log- 
istic curves. New inventions and discoveries only become fully effective 
over a span of years, only take effect gradually. This operates to smooth 
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out both the stair-case-like upper limit in chart 2 and the junctions of 
the individual logistic arcs. The observations of chart 2, although 
arising from a non-logistic process, can be fitted quite well by a single 
logistic. 


6. LOGISTIC FORM OF U. S. POPULATION DUE TO TIMING OF 
IMMIGRATION WAVES 


Net immigration as a fraction of attained population is shown in 
Chart 1. It came in in a series of waves, and takes a form generally 
concave to the p-axis. This concave curve fits nicely into the convex 
curve for natural increase, and just fills out the hollow enough so as to 
produce the straight-line relationship observed by population students. 
The ratio of immigration to cumulative immigration is shown in Table 
2. It is obviously non-linear, and hence differential equation (9) does 
not fit. If the invention of the iron ship had been delayed 20 years, the 
logistic curve would probably have fitted very poorly. 


7. FACTORS DETERMINING THE UPPER LIMIT 


Some of these are: (a) The frontier, which in colonial times was at 
the foot of the Appalachians. In 1840 it reached the Mississippi and the 
Great Lakes, and by 1860 it had passed the first tier of states beyond 
the Mississippi; (b) Agricultural machinery. The McCormick-Deering 
reaper was demonstrated in 1831. Probably go per cent of the population 
lived on farms or in small rural villages. Today less than 40 per cent live 
on the farm, and one-fifth of the population lives in five metropolitan 
districts ; (c) Transportation facilities. The Clermont was built in 1807. 
In 1816 steam navigation on the Mississippi began. “The great economic 
significance of the steamboat lay in the fact that it rendered available 
at once, without any expense of construction, a vast system of navigable 
waters, which permitted easy, cheap and rapid transportation.” The 
Erie Canal was opened in 1825. Freight rates between Buffalo and 
New York fell from $100 to $5 a ton. The National Pike was ex- 
tended to Illinois by 1838. The B. & O. first operated in 1830. The 
first transcontinental railroad was finished in 1869. There were half 
a million motor vehicles in use in 1910, and 25 million in 1930; (d) 
Energy supply. This has expanded with great rapidity since the Civil 
War. In 1871-75 it averaged 1520 trillion BTU per year; in 1929, 
26,534 trillion BTU. The horsepower of central electric stations grew 
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from 2 million in 1902 to 36 million in 1927; (e) Land policy. After 
the Civil War the homestead laws opened up the great territory between 
the Missouri and the Far West. A rapid influx of population took place; 
(f) Food preservation. Of very great importance were the many in- 
ventions making it possible for city populations of several millions to 
live at a distance from the source of food supply: rapid transport, re- 
frigeration and canning. 


8. IMMIGRATION 


Steam and iron effected such an increase in the safety and carrying 
capacity, and decrease in the cost, of the transatlantic service that he 
would be hardy indeed who asserted that immigration followed any 
analytic formula, logistic or otherwise. 

The logistic theory would still be acceptable if it can be shown that 


dy dz 
—— and at 
sum is subject to the condition that 


any OU 4 * =ky+2) (U—y—2). 

dt dt 
This is equation (2). It sets a “quota” for new additions to the popu- 
lation, to which immigration and natural increase have to adjust them- 
selves. 


(a) But it is clear that immigration cannot be affected by the 
birthrate of the country of destination. The sharp bulge in immigration 
in 1840 — 1850 — 1860 was not due to an emergency call for immi- 
grants to offset the deficit in births below the straight-line relation- 
ship. The causes of that wave lie outside the United States: application 
of steam power to ships (which shortened the period of travel from 
4 to 8 weeks to 15 days), use of iron (which gave strength and safety, 
and made large size and hence low cost possible), and the Irish potato 
famine of 1845. 

(b) Nor are births much affected by immigration, or a mere al- 
ternative for it. Authorities now generally reject this theory which was 
advanced in the nineteenth century. Besides, if so, minor saw-teeth 


1 @ 
ought to appear in > > negatively correlated with the pronounced 


are causally interrelated in such a way that their 
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Q. POPULATION FORECASTS 


Since the writer contends that U is not determined by present and 
past population factors, (but by unknown influences yet to appear), 
values of U calculated from the observations are only suggestive, and 
the standard error is unknown.°® 

However, even revolutionary inventions take effect but slowly, and 
short time forecasts by the Pearl-Reed curve are entirely feasible — 
say over a 10 or I5 year period. A large error in U will cause only 
a small error in short-term forecasts. 

The differential equations here encountered will be discussed in a 
paper by the writer and L. J. Paradiso, now in preparation. 


CONCLUSIONS 


1. The apparent verification for the United States of the logistic 
theory of linear relationship between the (logarithmic) rate of growth 
and the attained population is due to a historical accident — that the 
immigration tide arrived when it did, and in such a way as to “fill in” 
the obviously curvilinear relationship for natural increase. 


2. The generalized theory, to take account of immigration, is not 
verified either (equations 10). Natural increase and immigration 
growth ratios are not linear functions of attained United States 
population. 

3. The observed course of the population can be fitted by a succes- 
sion of Pearl-Reed arcs, joined, each directed towards a different upper 
limit. 

4. Economic-historical analysis indicates that the potential upper 
limit of population has increased with time, due to territorial expansion 
and invention, and moreover the observed relationship of the rate of 
natural increase, its convexity to the +-axis, is consistent with such 
a shifting upper limit. 

5. The limit towards which the population is growing at any 
instant is probably a function of the contemporaneous “state of the 


*The results obtained by Henry Schultz, The Standard Error of a Forecast 
from a Curve, Journal of the American Statistical Association, June, 1930, p. 139, 
of course apply only so long as underlying physical factors remain constant. 
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arts” and geographic discoveries and there is no reason for supposing 
that it varies in accordance with any simple mathematical law. 

6. And hence future upper limits, being determined by yet-to-exist 
unknown conditions, are indeterminate, and are not solely a function 
of the past course of population growth. 

7. Hence, although short forecasts can legitimately be made by 
the Pearl-Reed technique, long-time forecasts are subject to an unknown 
and probably large error of estimate. 
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STUDIES ON CONSTITUTION, III 


SOMATOLOGICAL DIFFERENCES ASSOCIATED 
WITH DISEASES OF THE HEART IN 
WHITE FEMALES* 


BY ANTONIO CIOCCO 





data relative to the somatic constitution of white women 

| with heart disease. Pearl and Ciocco (16) have recently 

==] published the results of an analogous study on white men, 
and this, i in part, may be regarded as a sequel to that work. 


THE MATERIAL AND THE PROBLEM 


This study is based on the records of clinical and anthropometric 
observations made under the direction of Raymond Pearl at the Institute 
for Biological Research (now the Department of Biology of the School 
of Hygiene and Public Health) of the Johns Hopkins University. 
The history of the organization and the technique used have been 
amply described (17), and need not be repeated here. 

According to the results of the clinical examination made at the 
Johns Hopkins Hospital, the material is divided into two groups. In 
one group are those patients who at the time of examination gave no 
clinical evidence of cardiac disease. These are the non-cardiacs. In 
the other group are those who at the time gave clinical manifestations 
of heart disease, mild or grave as the case might be. These are the 
cardiacs. 

The basic problem with which this study is concerned is: What, 
if any, significant somatological differences are there between the 
cardiacs and the non-cardiacs in this material? The object of this 
study is thus evidently purely descriptive, but, it is hoped, it will aid in 


*From the Department of Biology, School of Hygiene and Public Health, 
the Johns Hopkins University. The author is indebted to Dr. Raymond Pearl 
for his valuable criticisms and suggestions. 





CONSTITUTION AND HEART DISEASE 39 


establishing a solid foundation for a true science of human constitu- 
tion. For the purpose in mind and in terms of the general biological 
aspect of the problem the author has not segregated known or pre- 
sumed etiological factors, assuming that it was equally possible for 
each of the patients to be subjected to them. Therefore, a clinically 
recognizable lesion of the heart from whatever cause is regarded 
as an objective expression of the biological weakness or impairment 
of this organ. Actually though by selecting for this study only 
individuals above a certain age limit it has resulted that the majority 
of the patients are those affected by degenerative forms of heart 
disease. 


AGE DISTRIBUTION 


The incidence of heart disease, taking all forms together, increases 
with age. Therefore, if all the women in this collection had been used, 
the group of cardiacs would be much older than the non-cardiacs. 
To eliminate this disparity in age, which in some cases has influence 
on the somatic constitution of the individual, this study is confined 
to women falling between the ages of 40 and 69 years inclusive. 

The total women in the two groups so limited is 163. Of these 
126 are cardiacs and 37 non-cardiacs. The biometric constants for 
age are as follows: 


Cardiacs Non-cardiacs 
49.59 = .71 
6.40 + .50 

37 


The cardiacs, notwithstanding the selection, are older than the 
non-cardiacs. The difference in age, though statistically significant, 
is too small to influence to any significant extent the somatic consti- 
tution. 


CLINICAL DIAGNOSIS, PHYSICAL EXAMINATION AND 
PAST MEDICAL HISTORY 


The two groups compared are fundamentally differentiated by the 
fact that the individuals of one group have some form of heart disease 
which is absent in the other. It is of importance also to determine 
what other diseases or association of diseases or physiological 
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conditions characterize the two groups of individuals. These data are 
necessary to judge if the somatological characteristics may be depend- 
ent upon other than the fundamental difference between the two groups 
and to what extent the differential incidence of these other conditions 
may affect the nutritional state of the patient. 


TABLE 1 


Distribution of Diagnosed Pathological Conditions 





NON-CARDIACS CARDIACS 


Absolute Absolute 
number Percent number Percent 








Normal (no discernible pathology) 

Heart — Hypertrophy and dilatation 

Heart — Myocarditis 

Heart — Endocarditis and valvular lesions 

Heart — Aortic dilatation 

Heart — Other lesions 

Other circulatory diseases (arteriosclerosis, etc.) 

Nephritis — all forms 

Syphilis — all forms 

Tuberculosis 

Malignant tumors — al! forms 

Pneumonia (all forms), bronchitis, etc. ........ 

Diseases of alimentary tract (other than cancer 
and tuberculosis) 





Table 1 shows the absolute and percentage distributions of the 
disease conditions diagnosed in the two groups, classified into broad 
categories. It is to be noted that the percentage columns do not add 
to 100 because each patient has been entered in as many categories as 
the items of her diagnosis. The form of heart lesions typical of the 
cardiacs in this sample is delineated by the number of those (77 





CONSTITUTION AND HEART DISEASE 41 


percent) having other circulatory diseases and of those (45.2 percent) 
having cardiac hypertrophy and dilatation. Nephritis and diabetes 
are found more frequently among the cardiacs than the non-cardiacs. 
On the other hand the non-cardiacs have a higher incidence of syphilis 
(all forms), malignancies (all forms) and diseases of the alimentary 
tract (other than cancer and tuberculosis). 

Pearl and Ciocco’s study on males reveals practically the same 
difference as found between non-cardiacs and cardiacs relative to the 
distribution of diagnosed diseases. In the males the incidence of 
nephritis is 2.0 percent in the non-cardiacs and 13.7 percent in the 
cardiacs, while in the females it is 2.7 percent and 8.7 percent respec- 
tively. Diabetes in the males is found in 2.0 percent of the non- 
cardiacs and 6.9 percent of the cardiacs, in the females it is found 
in 2.7 percent of the former group and 9.5 percent of the latter. 
Similarly, taking the two groups in the same order, the incidence of 
malignancies is in males, 34.0 percent and 22.9 percent respectively ; 
in females, 18.9 percent and 8.7 percent; the incidence of syphilis in 
males, 24.0 percent and 16.0 percent; in females, 32.4 percent and 7.1 
percent; and of diseases of the alimentary tract, in males, 8.0 percent 
and 3.4 percent; in females, 10.8 percent and o percent. Based on 
such small numbers, most of these differences between cardiacs and 
non-cardiacs are not in themselves significant ; nevertheless the consist- 
ency of the trend in the two sexes is noteworthy. To summarize: both 
the males and females in this sample of hospital populations show 
in general the same association between certain diseases and the presence 
or absence of heart lesions. 

It should be clearly understood that these are selected groups and 
that the relative incidence of the various disease categories listed 
cannot be regarded, for either group, as that of the general population 
within the same age limits. To draw any statistical conclusion on the 
supposition that either of these groups is a random sample of the 
general population would be extremely fallacious. The same admoni- 
tion, mutatis mutandis, may be made for the following facts regarding 
the general health and past medical history. These, of course, are 
subjective statements, but there is no reason to believe that the individ- 
uals of one group are more or less truthful or have better or worse 
memories than the individuals of the other. 

The statements of the patients in answer to the question: What has 
been your state of health up to the present? have been tabulated in 





42 HUMAN BIOLOGY 


Table 2. Very good health was enjoyed by a higher percentage of non- 
cardiacs than cardiacs, and vice versa for the remaining categories. 
The differences are significant statistically, and the conclusion drawn 
from them is consistent with the insidious nature of the disease. 


TABLE 2 


State of Health Prior to Present Illness 





CARDIACS NON-CARDIACS 


Absolute Absolute 
numbers Percent numbers Percent 








Very good (never ill) 36.0 
Good (minor ailments only) 41.6 
Fair (average amount of sickness) .... 

Poor (frequently sick) 8&8 
Very poor (an invalid throughout life) .. 8 








The extent to which past infections predispose to cardio-vascular diseases 
is not known with any degree of certainty except for syphilis and rheumatic 
fever. There however appears to be much evidence associating scarlet fever 
with the rheumatic form of heart disease (5). History of this infection has 
also been found with more frequency in the hypertensive individuals studied by 
Nuzum and Elliott (14). The investigation by Walker and O’Hare (23) does 
not confirm this, however. Regarding other infectious diseases, except for the 
immediate signs of cardiac involvement, the data are not definite. Typhoid 
fever is regarded as a causative factor of arteriosclerotic and hypertensive 
diseases from the study of Thayer (21) and more recently from those of 
Barach (1) and Walker and O’Hare (loc. cit.). Nuzum and Elliott (loc. cit.) 
do not arrive at the same conclusion. Diphtheria is believed to be a cause of 
heart block in later life by Butler and Levine (3) but not by Jones and White (11). 
Data on the late effects of pneumonia are scarce. Walker and O’Hare (loc. cit.) 
found practicaily the same incidence in hypertensive as in non-hypertensive indi- 
viduals. Stone (20) has, however, given evidence that heart involvement is, 
after sepsis, the most frequent cause of death from pneumonia. 


For this material, the incidence of some of the acute infectious 
diseases in the past history of the cardiacs and non-cardiacs is pre- 
sented in Table 3 which gives the absolute and relative distributions. 
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TABLE 3 


Past History of Acute Infectious Diseases 





CARDIACS* NON*CARDIACS* 


DISEASE Absolute Absolute 
numbers Percent numbers Percent 








68.0 29 78.4 
31.2 35.2 
Scarlet Fever 16.8 8.1 
Diphtheria 12.0 10.8 
Rheumatic Fever 5.6 - ce 
Typhoid Fever 20.8 8.1 
26.4 8.1 
34-4 35.2 





* Total cardiacs = 125; total non-cardiacs = 37. 


A rheumatic fever history is not given by any of the non-cardiacs. 
The greatest differences between the two groups are found for scarlet- 
fever, typhoid fever and pneumonia. Of these, only with regard to 


the last named disease is the difference statistically significant. The 
small number of cases involved renders any interpretation except the 
mere enumeration impossible, especially when one keeps in mind the 
contradictory findings cited above. 

A fact of interest in the constitutional study of women is the 
age of menarche. It is dependent upon the anatomical development and 
physiological state of the individual, influenced by the state of health 
and probably also by the environmental conditions, race and social 
status. For the women in this study the constants are as follows: 


Cardiacs Non-cardiacs 


Mean age at menarche .32 + .10 14.56 + .21 


Standard deviation 62 + .07 1.84 + .15 
119 36 


The difference between the means is too small to be of statistical sig- 
nificance. This may be taken as an indication that up to that age 
the cardiacs and non-cardiacs were on the average equal with respect to 
those factors directly correlated with the onset of menstruation. 
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From the medical examination a few items directly related to this 
study have been statistically analyzed and comparisons made between 
cardiacs and non-cardiacs. The biometric constants for systolic and 
diastolic blood pressure and pulse pressure are given in Table 4. The 
influence of the high incidence of hypertension among the cardiacs in 
this sample is clearly seen when one compares the means of the two 
groups for each variable. The magnitude of the difference for the 
arithmetic means as well as for the absolute and relative measures of 
variability is in agreement with the nature of the material. 

The potential energy of the arterial system as measured by the 
diastolic pressure is 25.2 percent higher in the cardiacs than in the 
non-cardiacs, while the pulse pressure which is regarded as a measure 
of the kinetic energy of the ventricular output at each systole is 47.5 
percent greater in the cardiacs. The systolic pressure is 36 percent 
higher in this group. These differences are better appreciated when the 
pressures of the two groups are compared with those of “normal” in- 
dividuals of the same average age. Data on the natural history of blood 
pressure relative to increasing age are scarce. The consensus of clinical 
opinion is that the limits of normality for systolic pressure are 
between r10 and 140 or 150 mm. A finding above or below these 
limits is regarded as pathologic. Consequently only the changes with 
age within these limits have been published, as for example, in the 
reports of life insurance companies. 


Of greater biological interest because the data have not been so selected are 
the reports of Stocks (19) on the age variation of blood pressure in children and 
young adults, and of Saller (18) who has analyzed the same factor in a series of 
hospital patients free from clinical evidence of circulatory (aside from blood 
pressure) and kidney diseases, anemias, diabetes, and other glandular disorders. 
From his data which include individuals from 3 to 89 years of age the expected 
mean pressure for the cardiac and non-cardiac women in relation to their re- 
spective age distributions have been calculated. The results are as follows: 


Mean calculated “normal” pressure in mm. 
Systolic Diastolic Pulse 


84.19 61.70 
81.68 58.05 


Comparing with the constants given in Table 4 we find that the 
non-cardiacs in this material have a mean systolic pressure 8.8 percent 
lower than the expected on the basis of Saller’s data, a diastolic 





> 
&S 
e) 
~~] 
Oo 
hay 
fQ 
= 
XS 
= 
> 
< 





tLe += gt 6e 
Sol >= ogg 


bri = 16°91 
Ig = oli 


SI¥IPsVI-UON 
soeIpsesy 

("UxD) auspprue 

mo4sf [Wd {0 a2unjsiq 


(WD) 4240u JoUsajsDAdns 
moss] We'd {0 aaunjsiq 
sdeIpsed-u0 N 
sdeipses 
(wo) “7 "SW fo 
14614 04 Ssaujjnp ImpsvD 


("w>) “7 “Ss "WwW fo 
Ifa] 04 Ssaujnp 2mipsv7 





FONVA 


“sao 
WON 
-IXVN 


NOLLVIIVA 
40 
INGID14cA09 


NOILVIAGG 
aqavaNnvis 


Nvidan 





SIIPADI-UON PUD SIVIPADD Ut SJuamaaNSDaPy JADA TT 


$ AIAVL 

















CONSTITUTION AND HEART DISEASE 47 


pressure 5.9 percent lower and a pulse pressure 8.0 percent less than the 
expected. These differences are relatively small and show that the 
blood pressure of these women as a group falls well within the limit 
of “normal”. The cardiacs instead have an actual systolic pressure 19.1 
percent greater than expected for their age, a diastolic pressure 14.3 
percent higher and a pulse pressure 27.6 percent greater than the 
calculated. These differences well indicate the greater effort of the 
heart that is necessary in these cardiacs to overcome the deficiency of 
the circulatory system and satisfy the requirements of the organism. 
Another sign of the degree of mechanical effort made by the heart 
muscle is its size, especially that of its ventricles. It is well known 
that, excepting mitral stenosis, all the more common forms of cardiac 
diseases cause hypertrophy of the ventricles. In this material the 
heart measurements were obtained by the usual methods of palpation 
and auscultation and the calculated constants are presented in Table 5. 
From this table the following points are noted. 


1. On the average, the hearts of the cardiacs are more enlarged 
transversally than those of the non-cardiacs. 


2. The point of maximum impulse (P. M. I.) is at an equal average 
distance from the suprasternal notch for both the cardiacs and non- 
cardiacs. 

3. The absolute dispersion measured by the standard deviation 
is significantly greater in the cardiacs for the measure of cardiac dullness 
to the left of midline. The non-cardiacs show a higher absolute varia- 
bility which is very probably significant for the distance between P. M. I. 
and suprasternal notch. 

4. The coefficient of variation is very probably significantly different 
for only two dimensions: dullness to right of M. S. L. and the distance 
between the P. M. I. and suprasternal notch. The non-cardiacs show 
superiority for both. 

These findings correspond to expectation. From the fact that the 
distance of the P. M. I. from the midline is greater in the cardiacs 
than in the non-cardiacs while the distance of this point from the 
suprasternal notch is equal in both groups it may be inferred, by analogy 
to geometric figures, that another difference between these two groups 
is the position of the heart in the chest. An indication of the relative 
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position of the heart, horizontal or vertical, may be obtained from the 
following ratio: 


Distance P. M. I. from midline 
100 





Distance P. M. I. from suprasternal notch 


This cardiac index" calculated for each individual has the following 
mean values: 


Cardiacs Non-cardiacs 

Mean cardiac index ........... 59.05 + 80 49.00 + 1.43 

Standard deviation ............ 12.50 + .57 10.60 + 1.01 
eee epee ae eee III 25 


The significantly different arithmetic means bear out the inference 
that the cardiacs have a more horizontal heart than the non-cardiacs. 
A tentative conclusion of another order may be reached also. It is 
known that in individuals with wide short chests the heart is more 
horizontally placed than in those with a long narrow thorax; therefore 
it may be assumed that the cardiacs in this material have a relatively 
shorter wider chest than the non-cardiacs. This will actually be con- 
firmed in the pages that follow. 

From the above analysis the most striking divergences observed 
between cardiacs and non-cardiacs, as groups, may be summarized as 
follows. The cardiacs are characterized by 100 per cent incidence of 
heart disease accompanied by a high percentage of other circulatory 
diseases, preponderance of nephritis and diabetes, less frequent incidence 
of syphilis, malignancies and diseases of the gastro-intestinal tract, some- 
what inferior general health and a greater frequency of scarlet fever, 
typhoid fever and pneumonia in the past, markedly higher systolic and 
diastolic blood pressure, the heart enlarged transversally and apparently 
more horizontal in position. 


*Its meaning is evident. The angle formed at the apex of the heart by a 
straight line following the left border and another from the apex to the 
sternum will be more acute the more the heart is horizontally placed. This same 
property is true but to a diminished degree for the angle formed by the lines: 
suprasternal notch to P. M. I. and P. M. I. to midline. These three points 
are the apices of a right triangle. The ratio here used is equivalent to: side 
of the triangle/hypotenuse = cosine of contained angle. Therefore the higher 
the value of this ratio the more acute will be the angle. 
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DIRECT ANTHROPOMETRIC MEASUREMENTS 


Table 6 presents the arithmetic mean, median, standard deviation, 
coefficient of variation, minimum and maximum observations for each 
of the 22 somatic variables directly measured upon the living subject. 
For each variable the unit of measurement and the number of individuals 
measured are indicated. 


From Table 6 the following points are to be noted: 


1. In stature, auditory canal height, suprasternal notch height and 
trunk length the non-cardiacs are slightly superior to the cardiacs by 
amounts statistically insignificant. The measures of the lower costal 
margin height and sitting height have greater mean values for the 
cardiacs but again this difference is of no statistical significance. 


2. The cardiacs are heavier than the non-cardiacs, on the average, 
by 11.89 + 1.63 kgs. This difference is 7.3 times its probable error 
and it amounts to a relative superiority of 20.8 percent. 

3. The span is found to be on the average equal in both groups. 


4. Each horizontal diameter (biacromial, biiliac and greatest hip 
breadth) and chest depth is larger in the cardiacs than in the non-cardiacs 
by an amount statistically significant. 


5. The cardiacs also have marked and significantly greater mean 
values for neck girth, chest girth (expiration), chest girth (rest), chest 
girth (inspiration) and umbilicus girth. 

6. For head length and breadth the differences between cardiacs and 
non-cardiacs are statistically significant. The cardiacs are superior in 
both measurements, as also for the head girth. For this latter measure- 
ment however, the difference may be regarded as within the limits of 
sampling variation. The explanation of this apparent inconsistency 
will appear when the cephalic index is discussed. 


7. The length and breadth of the ear show significantly higher 
mean values in the cardiacs. 

8. The absolute variability, measured by the standard deviation, 
is significantly greater in the cardiacs for body weight and neck girth. 

9g. The measure of relative variability, coefficient of variation, is 


significantly different between the two groups for only one variable: 
neck girth. For this the cardiacs are more variable. 








SI°101 Ze **** soerpsred-uoN 
erzol sdeipses) 
“WID) UISIeUI [e}SOD JMO] 3 WYBIIPT 


cl'gei Ze °*** soeIpsed-uoN 
go'Ze1 soeIpres 
("WId) Yyoj}ou JeuJajseidns ye WYSOPF] 


Sheb1 Ze **** sderpsred-uoN 
zo’eri soeIpsey 
WD) SHyeou AJOJIPNe "}xXd Je WYBIOPFT 


gS'9S1 "***  SOBIPIeD-UON 

IS‘QS1 sovipies) 
(Wd) 91n}e}S 

go’Zs "***  SOBIpred-u0 Ny 

S6°g9 we ots? Gee 
(34) W3Iem Apog 


> 
S 
3 
~) 
= 
% 
= 
x 
= 
5 
t 





NOLLVIGVA 
40 NOILVIAGG NVIGaN 
INGID1ddIOO arenes 





(ab6p fo savak 69-0 sapoma,7) 
SjuamaANSDa YY NjDMOS jIauq fo sjuvjsuoy) Najomorg 


9 TIaVvL 





fy) 
wH 
< 
RQ) 
H 
~— 
Q 
es 
fe 
» 
fy) 
= 
Q 
= 
XS 
= 
=) 
~ 
Ww 
~) 
Ww 
— 
ag 
H 
= 
io) 
© 








NOLLVIGVA 
40 
LNaIN14da0D 


NOLLVIAGG 
aqavanvils 


NVIGIN 


SoeIpsed-u0N 
soerpses) 
(wo) [eruos9e1g—peasg 


SI¥Ipsed-UO NT 
soeIpses) 
(wd) YIpeesq peep 


SdeIpsIed-UO NT 
soerpses) 
(wd) YyZue] peerH 


SdeIpsed-U0 NT 
sdeIpsey 
(wd) ueds 


SIeIPseI-UON 


soevipsey) 
(wd) YyyZuey yunsy 


soeIpseo-u0 NY 
soeIpsey 
(wo) Buns : 7431] 








panuyuo)—9 ATAVL 











bail r.UCUT/!_eS Oe 














oof 0°46 o'Z9 LL = 096 v9" = 00'g fri = oS1g oe = betg g€ **** soeIpsed-uoN 
19 Qici S"09 le = 6£01 1b = S96 4 = S6'gg gs + eb 6g a Sareea soeipsey 
(wd) uoneIdxs : ys9yI—Y}AIID 
vol ole 9'9z is = oOS'9 gl’ > oe 6z* = boree oS = et ZE **** soeIpseo-uON 
o61 Sob S-Ze “ee = O88 f1' + S62 fe = Sive gr + sre a dae soeipseyy 
(uD) 3xpou—yIy 
SZ “gs es Sz = 1z¢ vie = S41 be = OFS 61 = gsbs Z€ **** soerpsed.uoNn 
~ $9 orgs $1 er + LLz Lo = ZS'1 1 > OLS 60 = bg'bs Ge *seye? soeipseyy 
& ("uId) pesy—yisiny 
S 66 Oe ofl gor += 181 oz + &Sz sf > bigi ge CL QI 4€ **** soeipsed-uoN 
2) 1ol 1'9z og Ly = Ogol1 ol > bez gr = e6oz vir = Loz ee sovipsey 
Ps (wd) ydep ysayD 
= “v1 Gor ogc go + biz ee >= ov gs += Zive ov = gftt g€& ‘*** sovrIpsed-u0N 
= Sfz oo So eb = g96 Sr ebe ge morse} re SESE bert soeipaes) 
S (wd) diy 3sa}e013—y}peoig 
x 21 gst $*tz vo = f1'g gl’ + gez 1g > 1e°gz Se = forge 4€ **** soerpsed-u0oN 
evi Sse viz ee = P82 ol’ > ee gr = Sf be vr = br éz oe, *e eS ?*e soeipsey 
(wd) eING—YIpecsg 
“sa0 "sao NOILVIVA 
aNVa WARK WANK 40 ae NVIGaN Nvan N 4aLOVAVHD 
-IXVAK -ININ = LN@IDI4aa09 eee 





panuyjuoj)—o WIdVL 


52 


ne see a Ct 






Le) 
wn 


CONSTITUTION AND HEART DISEASE 











1 vb oz Zoli = Seer fo = fro go + 10f So + zee Ze SIeIPsIEI-UON 
1t zy 1'e Ly = 6£01 zo = fo fo + ere zo > tre a Thee sderpse’) 
(wo) yypessq seq 
ve SZ rs Ss = Lol to = ro go => fz9 So > ez'9 ZE **** soerpses-u0ON 
4 SZ vs 1 = grZ zo’ = gro to = 9f'9 fo += 19 sderpse) 
(wd) wyZua] seq 
$°ZS S611 o'eg ve1 = LZ¥91 Zrii vib 661 = 6erg 6S'1 = fg°Sg of **** soerIpsed-u0oN 
OI o'SZi o’vg of = 66S! zl = 69°91 gel += £1001 zZo'l + og'So1 ee aes soerpse) 
(wd) snopiquin ye 4341) 
Lot O00! £69 cl z= £16 to + S62 zl + fg°Sg 6g" + 60'Zg of **** soerIpsed-uoN 
06s S‘ez1 S*f9 ov = zgor ch = 99°6 vl = gSz6 6S° = 9g'c6 i aod ma soeipse) 
(wd) uoryendsul :ysay2— RII) 
rot 0°96 6°29 sf = et6 fo = S64 ZI'l + oo'sg 6g" += ge'sg of ‘*** soeIpsed-uoN 
S"09 O'7zI S19 oh = boI Iv = Lo6 tL + £706 gs = 06°06 tld edad soerpse) 
(UID) 4yso1 2 ysayo— III 
“sao "sao NOLLVIUVA 
DONVa WOK WON 40 ae NVIGaW NVan N WALIVAVHD 
-IXVA -ININ IN@ID1ALI0O aeeentined 





panunyuod—9 ATAVL 








h 





54 HUMAN BIOLOGY 


10. For both cardiacs and non-cardiacs body weight is the most 
variable character; head girth, the least. This, of course, is to be 
expected. 

11. The arithmetic mean and the median for each character prac- 
tically coincide except for the umbilicus girth in the cardiacs. Therefore 
the distributions for each dimension may be regarded as symmetrical 
with the exception of that of the umbilicus girth which in the cardiacs 
shows some positive skewness. 

The results obtained by comparison of the direct anthropometric 
measurements may be summarized as follows: In this sample, the cardi- 
acs as a group have approximately the same stature and correlated 
vertical dimensions as the non-cardiacs, but are substantially and signi- 
ficantly heavier. This greater weight is associated with larger girths 
generally, and particularly with a larger umbilicus girth. 

These dimensions are those most directly affected by the dietary 
regimen and metabolic activity of the individual. With this fact 
established two possibilities will be investigated as this study proceeds. 
Either for each group there is a different distribution of somatological 
types or there is a tendency for individuals with the same somatic 
habitus to be heavier among the cardiacs. 

For a better visualization of the difference between cardiacs and non- 
cardiacs, Table 7 and Plates I, II and III are presented. These concern 
two patients: a cardiac, B 89, and a non-cardiac, D 34. Their measure- 
ments are sufficiently close to those of their respective groups so that 
they may be regarded respectively as an “average” cardiac and an 
“average” non-cardiac. They possess the same bodily habitus, both 
having been classed as intermediates. While it is evident that the 
measurements of these two women do not show for every single char- 
acter the same relationship as the means of Table 6, they do on the 
whole give a picture of the divergences between the two groups. The 
cardiac is heavier and bigger all around, especially at the umbilicus. 

The findings of Pearl and Ciocco on males are fundamentally identi- 
cal to these on females. We also found no significant difference 
between cardiacs and non-cardiacs for height measurements. The male 
cardiacs were superior in weight by 9.8 percent when compared to 
the non-cardiacs ; in the females the cardiacs have 20.8 percent greater 
weight than the non-cardiacs. The significant superiority of the female 
cardiacs in the horizontal diameters and girths was also observed in 
the male cardiacs but to a lesser degree. Head length and breadth, 
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CONSTITUTION AND HEART DISEASE 
TABLE 7 


Comparison of “Average” Cardiac (B 8g) and 
“Average” Non-cardiac (D 34) 








CARDIAC NON-CARDIAC 
a (B 89) (D 34) 

iin de énethcndianvidaeers 44 41 

SO I CUD in winks cibunid buxaeaabon 72.3 59.8 
SS a ee re a 158.1 159.7 
Height at ext. auditory meatus (cm.).... 145.0 145.9 
Height at suprasternal notch (cm.) .... 131.1 131.0 
Height at lower costal margin (cm.).... 104.0 100.2 
Height—sitting (cm.) ................ 82.2 87.9 
eG 8 re 54.4 58.3 
I oo nse pases sce kee 164.7 160.4 
RS CRD ra desieds ends ceiens 18.8 19.1 
ee ree 14.7 15.1 
Breadth biacromial (cm.) ............. 36.1 32.4 
a 29.3 29.0 
Breadth—greatest hip (cm.) .......... 37.0 35.6 
Come GD og. 5s sieve Sousa 19.2 18.4 
Gir — Bee GOP) nce ccccccwccwcccns 56.0 55.0 
Girth—neck (cm.) ...............24-. 34.0 33.5 
Girth—chest: expiration (cm.) ........ 86.8 84.0 
Girth—chest: rest. (cm.) ............. 88.8 86.0 
Girth—chest: inspiration (cm.) ........ 91.4 87.2 
Girth at umbilicus (cm.) .............. 109.6 83.0 
ey SN inesac ccigneadsdawens 6.1 58 
EE 3.3 3.5 





ear length and breadth, significantly higher in cardiac than in non- 
cardiac females are found to be practically equal in cardiac and non- 
cardiac males. The divergences in variability, both absolute and relative, 
between cardiacs and non-cardiacs which were found for a number of 
characters in the study on males, do not appear in these females except 
for body weight and neck girth for which, as in males, the cardiacs are 
more variable. 
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It can be then concluded that the basic differences between male 
cardiacs and non-cardiacs are even more accentuated in the females 
and particularly in regard to those physical characters especially affected 
by nutrition. On the basis of these and other observations which will 
be discussed later, Pearl and Ciocco enunciated the hypothesis that the 
greater weight and correlated dimensions of the cardiacs in their sample 
were a consequence of relative overeating and lack of physical exercise. 
Therefore, in this study, the author has attempted to add as much 
information on this point as the material permitted by tabulating the 
responses obtained to the questions regarding the patient’s degree of 
appetite and regularity of bowel movement. 


TABLE 8 


Degree of Appetite and Regularity of Bowel Movements 




















CAPDIACS NON-CARDIACS 
Absolute Absolute 
number Percent number Percent 
Appetite 
SES vc acckesceaeans 51 40.8 15 42.9 
SD ccsivddeneadves 47 37.6 II 31.4 
oc evcdcnecscce 27 21.6 9 25.7 
SEE svk0sSseuntebawesaoes 125 100.0 35 100.0 
Bowel movements 
Regular 1-2 times daily ...... 71 56.7 25 69.4 
Chronic constipation or irreg- 
SE aca hacdh cow nee won ee 54 43.3 II 30.6 
RIE ac sean kal ih ote'e «lseiaaie wa 125 100.0 36 100.0 





Table 8 shows that the majority of patients among both the cardiacs 
and non-cardiacs admit being hearty eaters. The percentages in the 
remaining two categories are practically equal for the two groups. This 
item besides being a rough index of the quantity of food ingested serves 
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also to check whether anorexia may not be regarded as one factor in 
the relative thinness of the non-cardiacs. It is evident that it is not 
so. From the table it is seen that a higher percentage of cardiacs, in 
this material, complain of irregular bowel movements or chronic consti- 
pation. While the differences between the two groups may be attributed 
to sampling error they are highly interesting. It is generally recognized 
(13) that predisposing causes to constipation are the quality and quantity 
of food eaten and the lack of physical exercise. Therefore, the fact 
that constipation is more prevalent among cardiacs while they are at 
least as hearty eaters as the non-cardiacs strengthens the hypothesis 
that the accumulation of fat in the cardiacs may be in part the effect 
of dietary habits not in keeping with their physical activity. 


HEART AND SOMATIC MEASUREMENTS 


The measurements of the heart show that on the average the cardiacs 
have a greater transverse diameter than the non-cardiacs. There exist, 
also, marked physical differences between cardiacs and non-cardiacs, 
the former being superior in weight and body girths. While there 
is thus an obvious group association between heart size and body size, 
are there corresponding correlations within each group, cardiac and 
non-cardiac? To answer this question it is necessary to determine 
what is the degree of correlation between heart measurements and ex- 
ternal physical dimensions in both groups. Accurate investigations by 
Bardeen (2), Eyster (7), Treadgold (22), and others who have em- 
ployed roentgenograms (orthodiagrams) show that in the “normal” the 
transverse diameter of the heart is directly proportionate to the weight 
and chest girth and inversely proportionate to the stature, other factors 
being constant. The data at hand obtained by the cruder method of 
palpation and auscultation do not permit use of their results for pur- 
poses of comparison. 

Using the measurement of the distance of the point of maximum 
impulse (P. M. I.) from midline as a rough index of the transverse 
diameter of the heart and calculating its correlation with stature, weight, 
chest girth (rest) and the chest girth (rest) /stature index, the values 
of r shown in Table 9 are obtained. 

In the cardiacs the coefficients do not differ significantly from zero 
except for the correlation with body weight. The reverse condition 
is apparent in the non-cardiacs. For this group, however, the number 
of cases is too small to warrant entire confidence in the figures, even 
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TABLE 9 


Correlations Between Bodily Dimensions and Distance of 
P. M. 1. from Mid-line 











CARDIACS NON-CARDIACS 
a aaa N r N r 
EE akan aeubuesdotacueee. 114 +.16 + .06 27 —4I + .II 
ET ns 6 103 +.26 + .06 26 +.21 + .13 
CRORE OE CHIE) 6 occ cceves. 113 +.18 = .06 26 +.46 + II 
ED GED nda cect serese 113 +.12 + .06 26 +.54 + .09 
Chest girth/stature ........... 113 +.11 = .06 26 +.41 + .II 





though all the coefficients but one are more than three times their re- 
spective probable errors, and though the negative value for stature, 
and the positive value for chest girth are in agreement with the observa- 
tions of the above mentioned authors. In terms of the probable error 
of differences the correlation coefficients between the P. M. I. from 
midline and stature and the umbilicus girth are significantly different 
in cardiacs and non-cardiacs, but are only probably significant in regard 
to chest girth (rest) and chest girth (rest) /stature. 

In a tentative fashion, because of the small number of cases, one 
can assume that another characteristic difference between the two groups 
is that in the non-cardiacs there is covariation between somatic growth 
and heart width which is not present in the cardiacs. This can 
be shown more clearly in another way. From the values of r found 
for the non-cardiacs the regression lines can be calculated which, with 
due precautions, will indicate the “normal” linear relation between 
somatic growth and heart width. The resulting equations are: 


P.M.I. from midline in cm. = 20.36 — .o8 (stature in cm.) 

P.M.I. from midline in cm. .23 + .10 (chest girth in cm.) 

P.M.I. from midline in cm. 3.05 + .06 (umbilicus girth in cm.) 
P.M.I. from midline in cm. = 2.95 + .10 (chest girth/stature in percent). 


The oscillations of the observed heart dimensions around the inter- 
polated curve can be measured by the standard deviation (square root 
of the mean of the squared differences between actual and theoretical 
values). For each curve, comparison of the standard deviation of the 
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cardiacs with that of the non-cardiacs will indicate the degree of dis- 
persion of the actual measurements with respect to the calculated 
“normal”. For the cardiacs and for the non-cardiacs the standard 
deviations are as follows. 


Standard deviation from 
theoretical values 


Non-cardiacs Cardiacs 

P.M.I. from midline and stature.............. 1.48 + .14 2.87 + .13 

P.M. I. from midline and chest girth (rest) .... 1.43 + .13 2.47 + .II 

P.M.I. from midline and umbilicus girth ...... 1.42 + .13 2.44 + .II 
P.M.I. from midline and chest girth (rest) / 

CERES 2 ccc cdocccccccscncessnsssessensaace 1.47 + .14 2.55 + .II 


For each curve the deviation of the cardiacs is not only significantly 
larger than that of the non-cardiacs but also practically double in size. 
This comparison gives a more exact meaning to the results obtained 
by the use of the correlation coefficient. It is also in line with the 
clinical observations made by the above mentioned authors. For ex- 
ample, Eyster (loc. cit.) by a similar procedure found that 86 percent 
of healthy hearts fell within + 10 percent of the calculated normal 
size while only 24 percent of diseased hearts fell within this same range. 
The importance of these observations for the study of somatological 
constitution cannot be over-emphasized: they indicate the association 
between disease and disequilibrium in organic growth. In this par- 
ticular case, the disproportion between somatic growth and heart width 
may be regarded as an expression of the anatomical foundation for the 
somatological differences found between cardiacs and non-cardiacs. 


COMPARATIVE DATA 


In the study of constitutional somatology as well as physical anthro- 
pology, intergroup comparisons are necessary in order to derive the 
limits within which any conclusion should be maintained. Otherwise, 
the lack of “control” data, the influence of the various factors affecting 
the particular material, may lead to undue enthusiasm or universal 
assertions not warranted by the facts. In the interest of this study 
and of others which may be undertaken, the data on American females 
whose ages and conditions are more or less comparable to those of this 
material are given in the following tables. These data are taken from 
Hrdlicka’s (10) Old Americans (body weight and stature only), 











60 HUMAN BIOLOGY 


Draper’s (6) Human Constitution and the recent paper of Feigenbaum 
and Howat? (8). Each table is arranged in descending order of the 
arithmetic means. 


BODY WEIGHT, STATURE AND CHEST GIRTH 


These measurements presented in Tables 10, 11, and 13 will be discussed to- 
gether with derivative measures of Tables 12 and 14. Table 12 gives the 
body weight ratio (kilograms per 10 cm. of stature), the values of which are 
calculated directly from the means of Tables 10 and 11, according to the 
following formula: 


10 x mean body weight in kg. 
Mean stature in cm. 





Table 14 gives the mean computed cylindrical body volume, an anthropometric 
index first adopted by Pearl and Ciocco and by them discussed (48). It is 
computed from the following formula: Mean computed cylindrical body volume 
= .079577 (chest girth in cm.)* X Stature in cm. 

The 14 series in weight measurements may be divided into three sections. 
The first includes only the markedly overweight group of gall-bladder disease, 
the second is headed by the cardiacs and includes the three groups of Old 
Americans, Draper’s nephritis and hypertension, and asthma groups, and the 
cholecystitis and diabetes groups of Feigenbaum and Howat. The third section 
contains the non-cardiacs followed by the remaining groups. In this form, the 
relative overweight of the cardiacs as seen above, in broad general terms, may 
be regarded as confirmed by the comparative data. Between the heaviest and the 
lightest group the difference is 32.5 percent of the mean of the latter. 

In Stature instead the tallest group is superior by 7.9 percent of the mean 
height of the shortest. This difference, as is evident in Table 11, is due to 
the influence of Hrdliéka’s Old Americans who are racially more homogeneous 
and therefore different from the hospital population which forms the material 
of the remaining data. 

The different relations between Height and Weight for the various groups 
are clearly brought forth by Table 12, which gives the mean Body Weight 
Ratio. It is of interest, though not unexpected, to observe that for this index the 
order of the several groups is very similar to that of the body weight. Per 
10 cm. of stature the gall-bladder group weighs 4.66 kgs. followed closely by the 
cardiacs. The relatively lightest group is the pernicious anemia. 

The same four groups which have the highest mean Body Weight (not 
including Old Americans and the data of Feigenbaum and Howat) have also 
the greatest Chest Circumferences. These are the cardiacs, the gall bladder 


*7From this report the following measurements have been taken: stature, 
weight, biacromial diameter, head breadth, head length, and ear length. Due 
to a difference in anthropometric technique the data on chest girth, chest depth, 
biiliac diameter and ear breadth have not been extracted. 
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TABLE 10 


61 


Mean Body Weight (in Kilograms) of Females with Various Diseases 





MEAN AGE OR MEAN BODY 





ORDER GROUP AGELIMITS WEIGHT N AUTHORITY 
(yrs.) (Kg.) 
1 Gall bladder disease ..... 43-57 72.5 26 Draper (6) 
P. 334 
OSE ocd oa ackseeeand 54.05% 48 6895+ 08 114 This paper 
3 Old Americans. Lab. 
Series. No data as to Hrdli¢éka (10) 
A er 40-49 65.27 34 p. 102 
4 Old Americans. Lab. 
Series. No data as to Hrdliéka (10) 
Ce  ccentsadnages Above 59 64.50 3 p. 102 
§ Choabecyetitis .......060085 40.8 62.87 37. ~+Feigenbaum and 
Howat (8) p. 132 
6 Old Americans. Lab. 
Series. No data as to Hrdli¢ka (10) 
MEE Sbuvcureoneds ace 50-59 62.64 26 p. 102 
> BO x50 cckwswarsint> 52.3 62.10 52 Feigenbaum and 
Howat (8) p. 132 
8 Nephritis and hyperten- Draper (6) 
ME Sh biecscibusick Pees 33.50 60.9 20 Pp. 334 
© FD bi cctboncheaseon 37.72 60.4 11 Draper (6) 
Pp. 334 
10 Non-Cardiacs ........... 49.59 .7I 57,061.30 34 This paper 
Se  Peptleaeett v6. os cc dvccs 44.1 56.97 12 Feigenbaum and 
Howat (8) p. 132 
zm Tuberculosis .......2.. 54.62 56.6 28 Draper (6) 
P. 334 
13 Gastric and duodenal ulcer 39.17 55.2 9 Draper (6) 
P. 334 
14 Pernicious anemia ...... 52.39 54.8 20 Draper (6) 


P. 334 
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TABLE 11 dis 
be’ 
Mean Stature (in Centimeters) of Females with Various Diseases ye 
MEAN AGEOR MEAN on 
ORDER GROUP AGE LIMITS STATURE N AUTHORITY = 
(yrs.) (cm.) pa 
1 Old Americans. Lab. 
Series. No data as to Hrdli¢ka (10) 
Nica onceandocurss Above 59 166.07 3 p. 80 
2 Old Americans. Lab. 
Series. No data as to Hrdlicka (10) 
ES AA ae 40-49 162.42 36 p. 80 
3 Nephritis and hyperten- Draper (6) — 
SR Midi ntardnensvacavs 33.50 161.16 20 DP. 334 
4 Old Americans. Lab. Hrdliéka (10) OR 
I ions cbcak s avtiass 50-59 159.18 27 p. 80 
1 ee 54.62 159.10 28 Draper (6) — 
Pp. 334 I 
OY EY Soc od a asnaaen 37.72 159.04 11 Draper (6) - 
P. 334 3 
7 Pernicious Anemia ...... 52.39 158.78 20 Draper (6) 4 
P. 334 
8 Non-cardiacs ........... 49.59% .71 156.564 83 37 This paper 5 
i  naubisvsebanees 54.05 .48 156.51= .43 126 This paper 6 
10 Peptic ulcers ........... 44.1 156.21 12 Feigenbaum and . 
Howat(8) p. 132 
11 Gastric and duodenal ulcers 39.17 156.00 11 Draper (6) 8 
DP. 334 9 
12 Gall bladder disease..... 43-57 155.62 32 Draper (6) - 
DP. 334 i. 
Sy A IN, isis aitrastaions Basta 52.3 154.69 52 Feigenbaum and 
Howat (8) p. 132 ” 
13 


14 Cholecystitis ........... 40.8 153.92 37. +Feigenbaum and 
Howat (8) p. 132 14 
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disease, the asthma and the nephritis and hypertension groups. The difference 
between the first and last group of the whole series is only 11.5 percent of the 
mean chest girth of the latter. This is really small for a measurement so 
affected by nutrition, different anthropometric technique, etc. 

The values of the cylindrical body volume are given in Table 14. The 
same four groups mentioned above occupy the first half of the series. The 
cardiacs have definitely the largest body volume and the tuberculosis group the 
least, the difference with respect to the latter equalling 22.3 percent. 


TABLE 12 


Mean Body Weight Ratio (Kilograms per 10 cm. of Stature) of 
Females with Various Diseases 


(Computed from the means of Tables 10 and 11) 





MEAN AGE OR MEAN NUMBER 
AGELIMITS OF KILOGRAMS 





aes — (yrs.) PER I9CM. 
OF STATURE 
ee Gi os occisccnpenctudeccss 43-57 4.66 
GS GE cisndsbcahe<ccnissséicbesseveiine 54.05 . 4.41 
B GONE anes ccics ccsd citi cccsburasetel 40.8 4.08 
4 Old Americans. Lab. Series. No data as to 
GD. on capnscdcghnestsenieeesetsteansenes 40-49 4.02 
ee nn ch ae eae 52.3 4.01 
6 Old Americans. Lab. Series. No data as to 
GRUDAR . dv cnenecdspacedcnwbsetstocnusssescies 50-59 3.94 
7 Old Americans. Lab. Series. No data as to 
WN ize \ eccmclieny wean ea ae na oie ata aainas Above 59 3.88 
DI oc cho 3 06 eds tb oostemcplne’s cama 37.72 3.80 
9 Nephritis and hypertension.................. 33.50 3-79 
SN alge atl inc cals cia ee scene chee 44.1 3.65 
DG Se io ode acs seo wdhesb te cecganes 49.59% .71 3.64 
RE Na gee i eS ae 54.62 3.56 
13 Gastric and duodenal ulcers ................. 39.17 3.54 


Se BIE 8 es oon é ictee pes be ccepees 52.39 3.30 
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TABLE 13 


Mean Chest Circumference at Expiration (in Centimeters) of 
Females With Various Diseases 


(Age data given in Table 10) 





MEAN CHEST CIR- 
CUMFERENCE AT N 





CnseR que EXPIRATION* — 
(cm.) 

S TD ddnekianeeaauas 89.42+ . 125 This paper 

2 Gall bladder disease ..... 88.38 31 Draper (6) 
P. 335 

SEY. parvavnsaceeeeet 84.21 10 Draper (6) 
P. 335 

4 Nephritis and hyperten- Draper (6) 
SE. casdn ncn wadvanerdas 83.890 20 P. 335 

5 Pernicious Anemia ...... 83.79 15 Draper (6) 
P. 335 
6 Nom-cardiacs ........... 83.342 .90 36 «©6©This paper 

7 Gastric and duodenal Draper (6) 
SP abe iesscticrcives 82.55 II Pp. 335 

8 Tuberculosis ........... 80.21 28 Draper (6) 
P. 335 





* Mean circumference in the case of the Draper data. 
TABLE 14 


Computed Cylindrical Body Volume (in cc.) of 
Females With Various Diseases 


(Calculated from data of Tables 11 and 13) 








unan sepen OUSUEECrEIN 

ORDER GROUP AGE LIMITS pag 
(yrs.) (ce.) 
EE daira becca ceuanhes sh scd Wane secede 54.05+ .48 99586 
I Gane oy. vsncncccvesbcaes 43.57 96730 
3 Nephritis and hypertension ................. 33.50 90254 
ag Ge Creer ores os Be ele wa came i 37.72 80747 
§ Pernicious Anemia ...........0..seeeeeeees 52.39 88709 
a hn ee a Deewana 49.59% .7I 86531 
7 Gastric and duodenal ulcers ................ 39.17 84595 
I, oh or ined ons ear Sess dah Ree 54.62 81454 
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SITTING HEIGHT AND TRUNK LENGTH 


The nephritis and hypertension group occupies first place for Sitting Height 
(Table 15) and second place for Trunk Length (Table 16). The asthma group 
and the cardiacs show the minimum mean values for these measurements. In 
general the differences are so small as to give doubtful significance to the fact 
that the order of the various groups is somewhat different for Sitting Height 
and for Trunk Length, when the series are compared to each other or with 
that for Stature. Both appear to be stable characters; the percentage increase 
of the first group in terms of the last is for Sitting Height, 2.4 percent and for 
Trunk Length 3.0 percent. 


TABLE 15 


Mean Sitting Height (in Centimeters) of Females With Various Diseases 
(Age data and references same as in Table 10) 





MEAN SITTING 








ORDER GROUP HEIGHT N 
(cm.) 
1 Nephritis and hypertension ................... 84.46 20 
REE ity AE ERE PN AF 84.18 28 
3 Gastric and duodenal ulcers ................... 83.83 8 
& BD ctnbsek tcch whet éetctdéeieis cote 83.62 .42 37 
SG We WE - hosecs cnasdseubodetesen 83.46 30 
ee Fe it's scecswnndndensmbanreeds 82.78 19 
©. GED 5 sine watdee dane bhteesincsceseensidien 82.72 .23 126 
S Ge -ccaroedeenescuaekiesies sake 82.45 II 
TABLE 16 


Mean Trunk Length (in Centimeters) of Females With Various Diseases 
(Age data same as in Table 10, references same as in Table 13) 





MEAN TRUNK 





ORDER GROUP LENGTH N 
(cm.) 
S Ge GO oii des cae eS 55.47 30 
2 Nephritis and hypertension .................... 54.92 20 
3 Gastric and duodenal ulcer ................... 54-77 9 
6 FE, FI hii a i nceeanrenceasissert 54.68 20 
6 BED, sc ccnundsetvcontehtaneuasaeiaeanel 54.56% .35 37 
© WED 0.0600006a00kc0seseecdanneeeend 54.46 28 
S QE bcnxeenenn vicawe chaees Mowkag eeeniaaied 53-95 II 
D GE d6tncescdbccksscsanescessenaaneeeeedl 53872 .18 24 
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For the Span (Table 17) the order is somewhat different than for Stature 
with which it is actually highly correlated. The intergroup differences are small 
though; between the first and last it is only 4.0 percent of the mean of the last. 
This is smaller than that observed for the Stature, which is influenced, un- 
doubtedly, by the high average of the small Old American groups of age 59 and 
above. 


TABLE 17 


Mean Span (in Centimeters) of Females With Various Diseases 


(Age data same as in Table 10, references same as in Table 13) 





MEAN SPAN 





ORDER GROUP radi N 
1 Nephritis and hypertension .................... 162.08 19 
RASPES. 5 ee er nee 159.78 II 
HRN SR ET ne 158.752 .44 124 
ee «ch Et aie LSeuss Cxavowseedeck et? 158.39 28 
EN 1 Lire cairs cher aknacnnineben een ese 158.20 84 36 
nc eve teecWdeehinddalti ane 157.17 19 
I oi ccs ccacuskensnedeveace 156.87 31 
8 Gastric and duodenal ulcer .................... 155.79 11 





HEAD DIMENSIONS 


The mean measurements of Head Length, Breadth and Circumference are 
given in Tables 18, 19, and 20. There appears to be some correspondence in the 
relative positions of each group for both Head Length and Breadth but not 
for Head Circumference. One may say that the cholecystitis and peptic ulcer 
groups have the smallest dimensions while the asthma group and the cardiacs 
have the highest. In relation to the mean values of the lowest, the differences 
between the highest and lowest are for Head Length 7.2 percent, Head Breadth 
6.9 percent, and Head Circumference 1.9 percent. The relatively low per- 
centage found for the last character may be in part an expression of the ease 
and security in obtaining this measurement. 
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TABLE 18 


Mean Head Length (in Centimeters) of Females With Various Diseases 
(Age data and references same as in Table 10) 








MEAN HEAD 
ORDER GROUP LENGTH N 
(cm.) 

1 Nephritis and hypertension .................... 18.50 20 
EE ic vk avadubbononsadbeaakheandbeeuaeias 18.48 II 
SGD xe stnuditddien cskdabieebiengeente 18.362 .04 125 
5 Ge QED sc cn tavcticwtenteenenssceees 18.43 32 
SF: ie dedi so ncnavenewes seers 18.22 28 
6 Gastric and duodenal ulcers ..................- 18.21 32 
S Fe ME bc cdiwigatsedecccdssiagaece 18.11 aI 
DI ca itewtc acc scwekntdacaudeweaseues 17.99% .09 37 
i GL, Sina tics se nmdiistiwwnncieaekn ewes 17.40 12 
Oh TE tri aos 6c wisn akusen ecnaenaebnkeeeens 17.31 52 
52 CR a ike bid des cecnicanici tari & 17.25 37 


| 





TABLE 19 


Mean Head Breadth (in Centimeters) of Females With Various Diseases 
(Age data and references same as in Table 10) 








MEAN HEAD 

ORDER GROUP BREADTH N 
* (cm.) 

., i oo ee ere 14.91 aI 
SD Ge Be GI: odin c  cetvcceveceiesvesesss 14.88 32 
’ GG in anew eae A aie sk caeiGiinc’ 14882 .04 125 
i SNE Wein nevus vie cawanth see seceunkerseisees 14.78 11 
; 5 Nephritis and hypertension .................... 14.65 19 
6 Gastric and duodenal ulcers ................... 14.64 12 
’ > TD on gctaic oe ce cceseusee beakskacews 14.50 28 
DF Seni od: ctiencdoenriesdhenees canendeees 14.34 §2 
. TIE ov nnccxe se ecacenseeeeecsvenseeeou 14.28 .08 37 
SO CE es ttinscccncdanecenemanenwnewsses 14.23 37 
ee 13.95 12 
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TABLE 20 


Mean Head Circumference (in Centimeters) of 
Females With Various Diseases 


(Age data and references same as in Table 10) 








MEAN HEAD 

ORDER GROUP CIRCU MFERENCE N 

(cm.) c 
1 Gastric and duodenal ulcers ..............0000. 55.06 7 
i I Sie 0 eG Sete dices ot ccs ceneseseeenenes 54.87 3 7 
SBD cosaveveeuayes <onebeavercesseousevenin 5484+ .09 123 
4 Nephritis and hypertension .................-. 54.70 6 
fe  .cci ssbb hethserdnesescstnccesaces 54.58% 19 37 
I OD, op cnincc cscnebenaeciesbersee 54.12 29 
FED Kesnddcsvssncccvscevesssens coers 54.04 26 





BIACROMIAL AND BIILIAC DIAMETERS 


For the Biacromial Diameter (Table 21) the order of the groups is essentially 
the same as that for the Weight, except for the peptic ulcer patients. This group 
together with the nephritis and hypertension, gall bladder disease, asthma and ws 








TABLE 21 . 
c 
Mean Biacromial Breadth (in Centimeters) of 2s 
Females With Various Diseases : 
(Age data same as in Table 10, and references same as in Table 13) is 
MEAN BIACROMIAL 
ORDER GROUP BREADTH N 
(cm.) 
OE CS eee Te 35.20 12 
2 Nephritis and hypertension .................... 35.12 20 
I ons peed dena ine nes kmse ch cemee a 34.84% .12 125 fa 
oA ES SS ee eae ay ae rere ter 34.77 II di 
Oe cca ailing wine ame bmn be. 34.49 30 tu 
ES 6s cae ce haan ead bne ne nnehenbne 33.92 37 te 
i. cccceddebeeposinrectoheheapeees 3386 .22 37 
EE Ry Ta ai ep 2 sae rR a 33.77 52 
9 Gastric and duodenal ulcers .................5. 33.75 II 
ey oe ca icbaieuy kee or ekeeveseubh 33.61 28 
OR ED III erg ba wc aie we ke wane ees 33.32 18 pe 
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TABLE 22 


Mean Biiliac Breadth (in Centimeters) of Females With Various Diseases 


(Age data same as in Table 10, and references same as in Table 13) 








ORDER GROUP BREADTH N 
(cm.) 
i FE chit Gindeicxvtuns ci bike's Vekawinngcanon 29.442 .14 123 
D FI FI ik ont divcnsvcccisnieccccses 29.35 18 
GR ee GH. fvivna dco ntn.ce tase decexe cs 29.33 30 
4 Gastric and duodenal ulcers ................... 28.65 II 
TE nk Sawtiepewtansaeaes ceckdeked in tes 28.52 27 
6 Nephritis and hypertension ................... 28.46 20 
© F< sass ne area eee eked ws cnc aa eb 28.20 II 
O FEE. Uesdeeesceshnbandeted cawseecienn 28.03% .25 37 





cardiac groups have the highest means. The difference between the highest and 
lowest of the 11 means is 5.6 percent of the latter. Table 22 which gives the 
comparative data for the Biiliac Diameter shows a rather different distribution 
than expected. This should deserve further investigation. The cardiacs and 
non-cardiacs occupy first and last place respectively; the mean of the former 
is superior to that of the latter by 5.0 percent. The order of the other groups 
is practically the reverse of that noted for Weight and Biacromial Diameter ; 
the pernicious anemia group last for these dimensions takes second place, etc. 


CHEST DEPTH 


The order of the groups according to mean Chest Depth (Table 23) is in 
fair agreement with that of Weight and Chest Circumference. The gall bladder 
disease group and the cardiacs have the deepest chests, the non-cardiacs and the 
tuberculosis group the shallowest. The position of the pernicious anemia group 
is somewhat unexpected. The intergroup difference appears large: 16.4 percent. 


NECK GIRTH 


The cardiacs and gall bladder disease group have the highest mean values, 
peptic ulcer and pernicious anemia the lowest (Table 24). The cardiacs show 
an increase of 11.0 percent with respect to the mean of the pernicious anemia group. 
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TABLE 23 


Mean Chest Depth (in Centimeters) of Females With Various Diseases 


(Age data same as in Table 10, and references same as in Table 13) 








MEAN CHEST 
ORDER GROUP DEPTH N 
(cm.) 

I I ss ceca chatsived ceawason 21.60 31 

iittala cea ibid dbubnhavalhh eueeentes 21.03+ .14 125 
I: ME, oc ie se panhedidese’ckexedes 20.91 17 
pela Oa ae uWincheu a dunendceabuieles uae 20.25 II 

5 Nephritis and hypertension .................... 19.98 20 

6 Gastric and duodenal ulcers ................... 19.55 Ir 

ND a Fa oP nck ccndecwnwuness debe 18.73 .28 37 
EE Bion cic6sceseabas ds scuekas nade 18.55 28 





TABLE 24 


Mean Neck Girth (im Centimeters) of Females With Various Diseases 
(Age data and references same as in Table 10) 








MEAN NECK 
ORDER GROUP GIRTH N 
(cm.) 

DS pattenhbanshbbaisumniial daenesnsdees 34.45 18 123 

EE SO iicctnscebdndinamsnane da 34.28 31 

EE Sv vcdnelaienccscsdeeedanes Sneek udenes 32.93 52 

ED ic vend cs desaeereabonescebaetaces 32.43 37 

Ee ¢.0nhuc icc smasavesenetednetanane tebe 32.39 fe 

6 Gastric and duodenal ulcers ................... 32.34 II 

ee ie een cane paeekneubeesie® 32.33% .23 37 

8 Nephritis and hypertension .................... 31.99 20 

OE RN Si Giarucndicasneeeceeceabemas 31.94 28 

IN S hcccns caWeencwicde estieiedaunes 31.79 12 


PE SEED. vvctidndcivadbbesesstvaweus 31.03 17 


_ 
— 
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EAR LENGTH AND EAR BREADTH 


The cardiacs appear to have the longest and widest ears, the tuberculosis 
group the smallest (Tables 25 and 26). The difference between the highest 
and lowest mean, in terms of the latter, is 11.4 percent for Ear Length and 8.6 
percent for Ear Breadth. 

In summary, this comparison of groups with different diseases shows that 
the absolute and relative overweight of the cardiacs of this material associates 
this group, somatologically, to the gall bladder disease, asthma, and nephritis 
and hypertension groups of Draper, and the cholecystitis and diabetes groups of 
Feigenbaum and Howat; they are all superior to the non-cardiacs and the tuber- 
culosis, pernicious anemia, gastric and duodenal ulcer and peptic ulcer groups. 
This same position is maintained in general for all the horizontal dimensions. 
In view of the high correlation between these and Body Weight, the discrepancies 
observed may be regarded as due to any of the many factors not taken into 
consideration here. 


TABLE 25 


Mean Ear Length (in Centimeters) of Females With Various Diseases 


(Age data and references same as in Table 10) 








MEAN EAR 
ORDER GROUP LENGTH N 
(cm.) 
6 FY innedkaannees 000d bess bccn etee Cie 6.45 52 
© TE oko cit oasis xe.c wes keebewniee reese 6.41% .03 123 
O Fe SI b0c60 cane edces xecdde dengan 6.27 23 
OTE Gites sc c02kcsenkuacedens+ecaete 6.22% .0§ 37 
PG =e eee 6.21 32 
FF | a eee 6.13 37 
7 Nephritis and hypertension .................... 6.06 8 
© BD, San chaiinssccticskcivesshh Cenk 6.04 11 
©: FRED: Gano hese eae chine vanes HS 5.95 12 
10 Gastric and duodenal ulcers ................... 5.84 12 


— 
_ 


MEE cGcuwccatathssndhaccaveuntssseusn 5.79 28 
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TABLE 26 


Mean Ear Breadth (in Centimeters) of Females With Various Diseases 
(Age data and references same as in Table 10) 








MEAN EAR 
ORDER GROUP BREADTH N 
(cm.) 
Pe EY GENEED wagtagennsnsdoessteaseoees 3-43 32 
EE Nid nds ccdie cn hanedeescbecececesdanens 3-43 02 123 
ais ge Ah aed 3.36 II 
TE ETT ee 322 05 37 
a re 3.41 23 
6 Nephritis and hypertension .................... 3.21 18 
7 Gastric and duodenal ulcers .................... 3.20 12 
SP ED cckberckcweascanseoredsébaecbens 3.16 28 





BODY PROPORTIONS 


The direct relationship between certain dimensions of the body may 
be measured by any number of simple indices or ratios (4). A few of 
these have been computed and are presented in Table 27. In each 
case the index (ratio or product) was separately calculated for each 
single individual in both cardiac and non-cardiac groups. Frequency 
distributions were then made and the biometric constants of Table 27 
calculated in the usual way. 


From Table 27 the following facts are observed. 

1. The ratios involving chest girth, biacromial breadth, or biiliac 
breadth as a numerator and stature or trunk length as a denominator 
have higher mean values for the cardiacs than for the non-cardiacs 
in this material. This superiority of the cardiacs is statistically sig- 
nificant. All these indices mentioned indicate the greater apparent 
stockiness of build of the cardiacs. 

2. On the average the non-cardiacs apparently possess relatively 
shorter legs and longer trunk than the cardiacs as shown by the mean 
sitting height/stature ratio which is significantly higher in the first, 
and by the trunk length/stature which is very probably significantly 
higher in the non-cardiacs. 
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3. The diametral trunk product, devised to give an indication of 
the total bulk or volume of the trunk, has a definitely higher mean 
value in the cardiacs than in the non-cardiacs. 

4. None of the chest indices is significantly different in the two 
groups. 

5. The means of the cephalic index show that the cardiacs have 
relatively wider heads than the non-cardiacs in this material. The differ- 
ences are statistically significant and in terms of the standard classifi- 
cation (24) the cardiacs as a group are brachycephalic while the 
non-cardiacs are mesocephalic. 

The percentage distribution of the individuals of each group in the 
different classes is as follows: 


Percentage frequency in 


Cephalic Index Limits Cardiacs Nonecardiacs 
Ultradolichocephalic (61-65.99) o 0 
Hyperdolichocephalic (66-70.99) o o 
Dolichocephalic (71-75.99) 48 108 
Mesocephalic (76-80.99) 448 568 
Brachycephalic (81-85.90) 40.8 27.0 
Hyperbrachycephalic (86-90.99) 9.6 5.4 
Ultrabrachycephalic  (91-95.99) oO rs) 


Draper’s data and those of Feigenbaum and Howat give the following 
mean values for the cephalic index in females. These have been cal- 
culated by the author from the mean absolute head dimensions given 
by them. 


Nephritis and hypertension ............... 79.2 (Mesocephalic) 
CO I ee” 79.6 (Mesocephalic) 
ee ee -eeeer eos eee 80.0 ( Mesocephalic) 
PO reer ee ee 80.2 (Mesocephalic) 
Gastric and duodenal ulcers .............. 80.4 (Mesocephalic) 
RE re 81.6 (Brachycephalic) 
PD SID 5 osc ccncdces vonkoo ccd 82.3 (Brachycephalic) 
EN ic Miscas ancate van nemepe cute 82.5 (Brachycephalic) 
I cit, oe dates a cea mba on Sake 82.8 (Brachycephalic) 
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The actual numerical values for these groups are comparable with 
those of this material. The same can be said for the mean cephalic in- 
dex of Hrdlicka’s Laboratory Old Americans (p. 164) which is 79.40. 

6. The absolute dispersion (standard deviation) is greatest for the 
chest girth/stature index and diametral trunk product, least for the 
biacromial breadth/stature index and those relating the chest girths to 
each other. The cardiacs show a greater absolute variability than 
the non-cardiacs, very probably significant for the diametral trunk 
products. The non-cardiacs have a larger standard deviation (probable 
error of mean difference > 2.5) than the cardiacs for the biiliac 
breadth/stature index. 

7. The coefficient of variation, relative variability, for the biiliac 
breadth/stature ratio is also significantly higher in the non-cardiacs 
than the cardiacs. The highest value of this coefficient is found for 
the chest expansion index and the lowest for ratios relating the chest 
girths to each other directly. 

In a striking manner these data confirm the fact that the cardiacs 
compared to the non-cardiacs show a preponderance of the horizontal 
dimensions. In this respect they are also in close agreement with the 
findings of Pearl and Ciocco but show however a relatively greater 
divergence between cardiacs and non-cardiacs. The sitting height index 
and trunk length index which the above authors found superior in 
the cardiacs is here instead superior in the non-cardiacs. It is of 
interest to note that in the females the difference in chest expansion 
index between cardiacs and non-cardiacs is not so marked as in the 
males of Pearl and Ciocco. The mean value of this index for the 
females when compared to that for males is 37 percent lower in cardiacs 
and 45 percent lower in non-cardiacs, thus presenting a characteristic 
sex difference. 


OTHER SOMATIC CHARACTERS 


The differences between cardiacs and non-cardiacs which result 
from the comparative anthropometric data can be further indicated 
by a brief survey of some of the descriptive (not measured) somatic 
characters recorded at the examination. 

A fourfold classification of the degree of adiposity was used and 
in Table 28 are given the absolute and relative frequencies as observed 
for the body as a whole, the neck, breasts, abdomen, hips and extremities. 
For the body only 11.2 percent of the cardiacs were found to have 
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an amount of fat below average, while 40.6 percent of the non-cardiacs 
were so classified. The positions are reversed for the categories of 
above average and excessive fat. Practically the same relationship is 
found for the separate parts of the body as mentioned. For each the 
difference in relative distribution between cardiacs and non-cardiacs 
is statistically significant when tested by the chi-square criterion. The 
divergence is most marked for the abdomen. 

Taking cardiacs and non-cardiacs separately let us compare for 
each group the relative distribution of fat over the divers parts of the 
body with that of the body as a whole. As expected, the abdomen is 
the most favored location for deposit of fat, the incidence of women 
with above average and excessive amount of fat over the abdomen is 
higher than those with the same amount over the whole body. This 


TABLE 29 


Chest Shape, Costal Margins, and Movement of Chest Wall 











CARDIACS NON-CARDIACS 
Absolute Absolute 
numbers Percent numbers Percent 
Chest shape 
PE Skéccdee dcives 71 57-7 23 63.9 
Pe sisi GA 8 6.5 10 278 
Chicken-breasted ...... 3 2.4 


Barrel-shaped ........ 41 33-3 3 83 
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is true for both cardiacs and non-cardiacs. Cardiacs classified as having 
for the body in general above average and excessive fat may have 
less adiposis at the neck, hip or extremities. For the breasts, the per- 
centage of cardiacs in the different categories is practically the same as 
that for the body in general. The non-cardiacs have a somewhat greater 
degree of adiposis on the breasts, abdomen and hips than on the neck 
and extremities. The relative distribution is practically the same as for 
the whole body. From these observations it follows that uniformity 
in the deposition of fat in the various parts of the body is not to 
be frequently expected. This again illustrates the necessity of numerical 
measurements or more precise qualitative descriptions in the somato- 
logical classification of individuals. 

The absolute and relative frequencies of the various chest shapes, 
types of costal margins, and particulars of the chest movement are 
given in Table 29. Chests normal in shape are found in almost equal 
percentage among cardiacs and non-cardiacs. But, the cardiacs have 
a relatively higher percentage of the barrel-shaped type and the non- 
cardiacs of the flat shape. This difference in form of chest is further 
emphasized by the significantly higher proportions of individuals with 
flaring costal margins among the cardiacs. With regard to the bi- 
lateral symmetry of movement of the chest, over 90 percent of both 
cardiacs and non-cardiacs show no abnormality. 

In summary, these supplementary descriptive data bring out in 
greater relief the fact that the dissimilarity between cardiacs and non- 
cardiacs lies chiefly in the relative overfatness of the former, especially 
at the abdomen, accompanied by evidently wider costal angle and 
flaring costal margins. 


SOMATOLOGICAL TYPES 


The classical threefold division of bodily types is not sharply de- 
limited nor defined in precise numerical terms. This has been pointed 
out by various authors and discussed elsewhere (4, 15). Nevertheless, 
it is a useful way of classifying individuals and prestige has been given 
it by the number of physiological and pathological characteristics found 
related to the different types. 

The present material was typed by careful study of the nude patients 
at the time of examination and their photographs made in the manner 
described in (17). The judgements, for trunk and limbs separately, were 
recorded on the 13 point dual scale used in this laboratory. On these 
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TABLE 30 


Distribution of Cardiacs and Non-cardiacs According to Bodily Habitus 














TYPE SCALE TRUNK LIMBS 
NUMBERS Cardiacs Non-cardiacs Cardiacs Non-cardiacs 
eee ee ‘i I I 2 
i wesnmenwiin 2 4 3 3 
WP siaciebate 2 I I 0 
BPI sews 10 4 8 4 
“ Peraer ne 6 3 10 3 
es arivacuweaine 15 10 18 6 
D ecesaxawes 18 7 27 II 
| Se ae. 21 I 19 3 
D ssctvesdva 18 2 7 rs) 
tebe caes 2 I 7 2 
OD accused 7 I 12 I 
DD udstsoeews 14 I 6 I 
ean II I 7 I 
TS - ensixnns 126 37 126 37 
Mean scale position...7.71 + .17 5.55.30 7.19 = .16 5.57 + .30 
Standard deviation ....280 + .12 2.67 + .21 2662.11 2.73 + .21 





scales 0 represents the most extreme asthenic habitus and 12 the most 
extreme pyknic habitus, while 6 denotes the perfect intermediate 
(athletic of Kretschmer) bodily habitus. 

The resulting distributions for this material are shown in Table 30. 
Representatives of practically all the scale types are found among 
both cardiacs and non-cardiacs. Consequently the range embraces the 
whole 13 points. However the cardiacs have a greater concentration 
of individuals towards the pyknic end of the scale which affects the 
mean scale position. 

The difference between the means is, for the trunk more than 6 
times its probable error, and for the limbs more than 4 times. Assuming 
that types o to 3 are asthenic, 4 to 8 intermediate, and 9 to 12 pyknic, 
the percentage distribution of the three somatological types is shown in 
Table 31. As expected the intermediates are equally frequent in 
both groups. But, the percentage of pyknics among the cardiacs is 
about 2% times that of the asthenics. This is the reverse of what is ob- 





82 HUMAN BIOLOGY 
served among the non-cardiacs. The differences in distribution are very 
probably significant, statistically. It means only that in this sample 


there are relatively more pyknics and fewer asthenics among the cardi- 
acs compared to the non-cardiacs. 


TABLE 31 


Percentages of Somatological Types in Cardiacs and Non-cardiacs 





TRUNK LIMBS 
Cardiacs Non-cardiacs Cardiacs Non-cardiacs 


BODILY HABITUS 








Asthenic 

(Type scale Nos. 0-3)... 11.1=1.9 27.0+4.9 10.3+1.8 24.3248 
Intermediate 

(Type scale Nos. 4-8) . . .61.9%3.1 62.2+5.4 64.32.9 62.2+5.4 
Pyknic 

(Type scale Nos. 9-12) . .27.02.7 10.8+3.4 25.4+2.6 13.5%3.8 





From the two preceding tables it is evident that the classification 
of trunk and limbs is not always the same. Dysplasia in a greater or 
less degree is often observed, either congenital, or as the effect of age 
when there is a tendency for fat to accumulate more on the trunk 
than on the extremities. As a convenient numerical index of dysplasia, 
in this laboratory it is the custom to use the differences (regardless of 
sign) between the scale numbers for the trunk and limbs in the same 
individual. The distribution of these differences for the present sample 
is shown in Table 32. The mean degree of dysplasia for the cardiacs 
is 2.03 + .og and for the non-cardiacs it is 1.53 + .11. The difference 
between the means is 3.6 times its probable error. If we take degrees 
of dysplasia 0, 1, 2 as indicative of substantial euplasia and 3, 4, etc. 
as indicative of substantial dysplasia, it appears that among the cardiacs 
there are 80.2 percent euplastics and 19.8 percent dysplastics as against 
g1.8 percent euplastics and 8.2 percent dysplastics among the non- 
cardiacs. This difference is not statistically significant, but there is 
an evident tendency of greater dysplasia among the cardiacs than among 
the non-cardiacs. 











TABLE 32 


Degree of Dysplasia 
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(Difference between trunk and limb type scale number) 











DEGREE OF DYSPLASIA CARDIACS NON-CARDIACS 

D vcebecccns 37 13 
F <ebtavetes 34 15 
Di veveticend 30 6 
D és ancevene II 2 
MB ketcnsakhx 7 I 
DP ahnes seal 5 
© ches veeeee I 
D cvcescdens I 

WED évccues 126 37 











Another way of approaching this problem is to consider the relative 
distribution of pure somatological types. These have been defined (16) 


as follows: 
Pure asthenic Pure intermediate Pure pyknic 
Type scale number Type scale number Type scale number 

Trunk Limbs Trunk Limbs Trunk Limbs 

0 witho,1,or2 4 with 4, 5, or 6 9 with9, 10, or II 

I with 0, I, 2, or 3 5 with 4,5,6,or7 10 with 9, 10, 11, or 12 

2 witho, I, 2,or3 6 with 4, 5,6,7,or8 II with9, 10, 11, or 12 

3 with 1,2,or3 7 with 5,6,7,or8 12. with 10, 11, or 12 

8 with6,7,or8 


The absolute and relative distributions for the two groups are given 
in Table 33. The non-cardiacs of the present material include more 
pure somatological types than the cardiacs, by some 7. 6 percent. This 
reflects the already noted tendency towards greater frequency of dys- 
plasia among the cardiacs. But the most interesting thing brought 
out by Table 33 is the higher proportion of pure pyknics in the cardiac 


group and pure asthenics in the non-cardiac group. 


It is justifiable to combine Table 33 with the corresponding table for 
the males of the same material (Table 25 of Pearl and Ciocco (16) ). 
When this is done we have the results shown in Table 34. 











84 HUMAN BIOLOGY 


TABLE 33 


Numbers and Percentages of Pure Somatological Types in 
Cardiacs and Non-cardiacs 

















CARDIACS NON-CARDIACS 
euses Percentages Percentages 
N in whole N in whole 
group group 
(126) (37) 
PE. GUD kccixccsaca 10 7.9 8 21.6 
Pure intermediates ........ 61 48.4 20 54.1 
Pe MD vneacccscesee 25 19.9 3 8.1 
ED “ica dea weten sd ees 06 76.2 31 83.8 
TABLE 34 


Pure Somatological Types in Cardiacs and Non-cardiacs, 
Males and Females Combined 











CARDIACS NON-CARDIACS 
vores Percentages Percentages 
N in whole N in whole 
group group 
(213) (87) 
Pare SOURIS 2. ccccicccccs 17 7.6 14 16.1 
Pure intermediate ......... 99 44.4 47 54.0 
PCG QE nce wisiivwces 28 12.6 5 5.7 





 dpebwessdedantunes 144 64.6 66 75.8 











Ww 
io a) 


CONSTITUTION AND HEART DISEASE 











41 S°Sg 6°29 vrei = SZ 4g’ = oss SS'1 = ggoZ be1 = v6'92 6 ‘"** soeIpsed-u0oN 
1°0z 96g $°69 0 = 62 12 > OS'S Zot = 00°0g 10° += 00°0g pe *** ears soerpse) 
(wd) (3801) Y4QIId ysoyD 
Sat 2 0'0Z1 Lori So >= ctr 9go°I= 00°2 4g = oS’zg1 6h'I = OS191 Or ‘*** soerpsed-uoN 
£61 Z°g91 b6r1 sy = eset of = 6s ber = Sz 191 66> += Zoos! aati hace soeipsey) 
(wd) 31nj}e1S 
Soz gZs Ze 961 = Lfz1 06° = 00'9 og't = Loor gel += oor Or **** SsdeIpsed-uoON 
ot o'bZ ozb of = 16°91 wiz 216 gle = oo'fs elt = evs a. ees sderpsey 
(34) 3431 
"sao "sao NOLLVIGVA moezviane 
@ONvVa WOK WAN 40 NVIGaN NVaW N WLOVaVHD 
-IXVK -ININ. «= LN@ID14g900 aaa 





(£-0 suaquny avrg adh yunay) snuayjsp fo suorsuaungq Kppog 


Sf AIAVL 

















86 HUMAN BIOLOGY 


Table 34 shows with the utmost clarity that in this material the 
males and females are in substantial agreement relative to the distribu- 
tion of somatological types in cardiacs and non-cardiacs. Furthermore 
there can be no doubt about the greater tendency towards dysplasia 
in the cardiacs (since the non-cardiacs include, as a whole group, 11.2 
percent more pure somatological types than the cardiacs) ; or that the 
cardiacs include a higher proportion of pure pyknics and the non- 
cardiacs a higher proportion of pure asthenics. 

A somewhat higher percentage of pyknics in this material cannot 
sufficiently account for the marked somatic differences between cardiacs 
and non-cardiacs. It is therefore necessary to investigate whether 
between cardiacs and non-cardiacs of each somatological habitus im- 
portant anthropometric characters also differ. Tables 35, 36, and 37 
give the biometric constants for weight, stature and chest girth at 
rest of cardiac and non-cardiac asthenics, intermediates and pyknics. 
The numbers in each group with the exception of the intermediates 
are small and consequently the probable errors are large. A definite 
conclusion cannot therefore be reached for all dimensions but the 
evident trends are of interest. 

The following points are to be noted: 

1. As expected mean body weight and chest girths increase and 
mean stature decreases as one passes from asthenics to pyknics. 

2. The cardiacs are, in every case, on the average heavier than 
the non-cardiacs with the same somatic habitus. The differences are 
statistically significant (> 3 times probable error of difference) for 
asthenics and intermediates, very probably significant (> 2.5) for 
pyknics. 

3. The non-cardiac asthenics are significantly taller than the cardiac 
asthenics. The differences between the two groups are not statistically 
important for intermediates and pyknics. 

4. For each somatic habitus the cardiacs are superior in mean chest 
girth. The differences are not statistically important except for the 
intermediates. For these the difference is very probably significant. 
The trend here shown is unmistakable and its meaning definite when 
one remembers the high correlation between chest girth and weight. 

From the above results the superiority of the cardiacs in weight 
and correlated horizontal dimensions over the non-cardiacs is re-empha- 
sized. It is apparently independent of somatic habitus. 
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SUMMARY AND DISCUSSION 


The author has compared two groups of white females whose 
ages range between 40 and 69 years. The first of these groups, the 
cardiacs is composed of women having some form of heart lesion, 
mild or grave as the case might be. The individuals of the other group, 
the non-cardiacs, are free from all signs and symptoms of heart disease. 
The cardiacs have a high incidence of hypertension and arteriosclerusis ; 
and, compared to the non-cardiacs, a higher incidence of diagnosed 
nephritis and diabetes, and typhoid fever, scarlet fever and pneumonia 
in their past medical history; they complain more often of chronic 
constipation. The heart of the cardiacs has a greater mean transverse 
diameter than the non-cardiacs and is apparently placed more horizontal 
in position. The non-cardiacs on the other hand, have a higher incidence 
of syphilis, malignancies and diseases of the alimentary tract. 

There is essentially no difference between cardiacs and non-cardiacs 
in stature, auditory canal height, suprasternal notch height, lower costal 
margin height, sitting height, trunk length, span and head girth. 

The cardiacs show substantial and significant superiority in weight, 
biacromial, biiliac and greatest hip breadths, chest depths, chest girths, 
umbilicus girth, head length and breadth, ear length and breadth. 

The cardiacs moreover are superior for all the anthropometric in- 
dices relating chest girth, biacromial and biiliac breadth to stature or 
trunk length. 

Above average and excessive fat, especially at the abdomen, is ob- 
served relatively more frequently in the cardiacs than in the non- 
cardiacs. Flaring costal margins and barrel shaped chests are also 
relatively more frequent in cardiacs. 

When compared to the non-cardiacs, the cardiacs show a lack of 
correlation between the variations in distance from the midline of the 
point of maximum impulse of the heart and stature, chest girth, umbilicus 
girth and the chest girth/stature index. 

The intermediate habitus is preponderant in both groups but the 
pyknics are relatively more frequent in cardiacs than non-cardiacs. For 
each somatic habitus the mean weight and chest girth of the cardiacs is 
superior to that of the non-cardiacs. 

The general conclusion that can be drawn from these data on 
women is that the cardiacs as a group are characterized by greater body 
weight associated with greater chest and especially greater umbilicus 
girths. The same was observed by Pearl and Ciocco (16) on men. 
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And here it is again to be emphasized that there is no proof that this 
relative overweight is an etiological factor in heart disease, nor is it 
apparently the consequence of a true innate constitutional difference 
between cardiacs and non-cardiacs. 

However, many clinical studies on obesity have shown its close 
relation to cardio-vascular impairment (9, 12, 14). The hypothesis 
advanced by Pearl and Ciocco that the somatological differences may 
be due to accumulation of fat consequent upon relative overeating and 
lack of physical exercise is of interest in view of the reports of the 
above clinicians on the beneficial effect of restricted diet and consequent 
reduction of weight. These or any other clinical findings the author 
is not qualified to discuss. An important derivation should be empha- 
sized and that is, that for the groups which have been compared there 
is a different mathematical relationship between the vertical and hori- 
zontal dimensions of the body and between these and certain dimen- 
sions of the heart. Therefore, from a somatological and anthropological 
standpoint it is of importance to determine more precisely what the 
variations are in the mathematical relationship between the primary 
axes of the body and between them and the different organs in order 
to understand the significance of these variations in health and disease. 
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STUDIES ON CONSTITUTION, IV. 


ENDOCRINE ORGAN WEIGHTS AND SOMA- 
TOLOGICAL HABITUS TYPES’ 


BY RAYMOND PEARL, MARJORIE GOOCH, JOHN R. MINER, 
AND WALTER FREEMAN 








THE PROBLEM 


(===) 1E present paper is a continuation of an earlier study’ on 
a1] the relation of the endocrine organs to mental disease, par- 
4 }j ticularly with reference to the different types of psychoses. 
The material used in the present study is the same as that 
used in the former investigation, and therefore the reader wishing to 
know more of the general characteristics of this material than is set forth 
here should consult the earlier paper. In the present study all psychosis 
types are pooled together (as is justified by the earlier results) and then 
reassorted according to somatological habitus types (often called “consti- 
tutional types”). The purpose of this procedure is to determine how 
the endocrine organ weights individually, and the general endocrine 
system pattern, are differentiated quantitatively, if at all, in the asthenic, 
intermediate and pyknic body types. 
Obviously the desirable plan for the analysis would have been to 
make it for psychiatric and somatological types simultaneously. This 
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organs in relation to mental disease. Part I. Human Burovocy, Vol. 7, pp. 350-391, 
1935; Part II. Jbid, Vol. 7, pp. 555-607, 1935. 
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would have given, keeping sex and color groups separate as is necessary, 
4X 4X 2X 2 = 64 sub-groups, each of such sort as male white 
asthenic paranoids, etc. Unfortunately, the total magnitude of the mater- 
ial available is not great enough to make so fine a subdivision feasible. 
The frequencies in the ultimate cells would be too small to give any 
definite results. Furthermore as the case turns out, this is not necessary 
because the earlier study? showed that there is no definite, orderly or 
significant differentiation in respect of endocrine weights between the 
several psychiatric types. 

Consequently in this paper the biometric constants of variation in 
endocrine weights will be examined relative to four somatological 
habitus groups, as follows: 

Asthenics, 

Intermediates (called “Athletics” by Kretschmer) ,° 

Pyknics, 
and a fourth group made up of individuals not falling precisely into 
the so-called “pure” types, and called 

Dysplastics. 

The allocations of individuals to these habitus groups were made 
by W. Freeman at autopsy in every case (and are therefore his sole 
responsibility) on the basis of purely qualitative judgments reached 
from viewing the nude cadaver as a whole. The procedure which has 
become standard in the writer’s laboratory* of typing trunk and limbs 
separately on a 13 point scale of quantitative estimation and expressing 
degree of dysplasticity as the numerical difference was not followed. 
A resulting consequence is that the proportion of individuals classed as 
dysplastics (cf. infra) in the present study differs somewhat from those 
reported in previous studies from this laboratory. However, no serious 
harm results from this, because what it really means is only that in 
the classification of the present material a standard for dysplasticity 
was maintained that was wholly qualitative rather than in some degree 
quantitative. In short, in the present study, we can feel quite con- 


* Pearl [Constitution and Health, London (Kegan Paul, Trench, Trubner and 
Co.), 1933. Pp. 97] has given reasons for preferring “intermediate” to the somewhat 
ambiguous and question-begging term “athletic” to designate the habitus group 
falling between asthenics and pyknics. 

*Pearl, R., A. C. Sutton, W. T. Howard, Jr., and Margaret Rioch. Studies 
on constitution, I. Methods. Human Burotocy, Vol. 1, pp. 10-56, 1929. 
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fident about what the asthenic, intermediate, and pyknic categories in- 
cluded, and are left in doubt only as to exactly what the dysplastics 
were. 


MATERIAL 


The total material available for the present study comprises 1272 
individuals, divided by race and sex as follows: 


Males Females Totals 
roe 549 224 773 
awe 297 202 499 
. eae 846 426 1272 


These are all mentally diseased persons, and all the records were 
taken at autopsy. The significance of these facts, and the caution they 
make necessary in drawing conclusions from biometric data derived 
from the material have already been discussed at length and emphasized 
in the earlier study,? and must be regarded as applying with equal force 
here, except that in the present study we shall be under no logical com- 
pulsion to compare our data with those from persons not mentally 
diseased. This is a real gain, because it frees us of the difficulties 
inherent in the scarcity of so-called “normal” data for endocrine organ 
weights. 


TABLE 1 


Absolute and Relative Distributions of Somatological Types 





WHITE WHITE NEGRO NEGRO 











ae MALES FEMALES MALES FEMALES ween 
N Percent N Percent N Percent N Percent N Percent 

Asthenics ....... 184 33.5 81 36.2 99 333 SS w2 419 320 
Intermediates ...196 35.7 60 268 133 448 86 426 475 37.3 
ae 85 15.5 45 20.1 31 104 35 17.3 196 15.4 
Dysplastics ..... 84 153 38 1169 34 #%&15 26 129 182 143 
MED cc@escen 549 100 224 100 297 100 202 100 1272 99.9 
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The absolute and relative distributions of the patients by habitus 
types, sex and race are shown in Table 1. 

With this general conspectus of the material in hand attention may 
be turned to the detailed discussion of specific points. 


AGE 


Table 2 presents the standard biometric constants for the ages of 
the individuals composing the several somatological habitus groups. 

There is obvious throughout Table 2 a definite trend of mean and 
median ages among the three “pure” habitus types. Without exception 
the intermediates exhibit higher mean and median ages at death 
than the asthenics, and with one exception (white females) the pyknics 
died at mean and median ages greater than those exhibited by the inter- 
mediates. In interpreting the meaning of this trend it would be rash to 
conclude forthwith that the lateral growth habitus as distinguished 
from the longitudinal (cf. Pearl*) is per se conducive to longevity. 
The matter is certainly more complicated. In the first place it has been 
noted generally in constitutional studies on the living that the mean 
age tends to increase as one passes from the asthenic through the inter- 
mediate to the pyknic group. This is usually interpreted to mean 
nothing more than the combined effect of two sets of causes; namely (a) 
the well-known tendency for the human frame, statistically speaking, 
to store more fat and get plumper and rounder with advancing years 
after early adulthood, this tendency being mainly if not entirely due to 
a steady lessening of physical exercise with advancing years without 
any quantitatively corresponding reduction in the amount of calory 
content of the food intake, and (b) the fact that somatological habitus 
typing as usually carried out is a matter of purely qualitative judgment, 
one consequence of which is that it is extremely difficult to keep from 
putting any fat persons into the pyknic class straight away, without 
stopping to examine carefully whether the appearance presented is 
due to a true constitutional pyknic habitus, or only to relative obesity 
of nutritional origin. 

A thorough and scientifically penetrating analysis of the relation of 
longevity to somatological types, freed from the conflicting testimony 
of nutritional and endocrine adiposity or excessive “slimming,” has 
yet to be made. In fact there does not appear to exist at the present 
time any adequate body of material upon which to base such an analysis. 
The experience of life insurance companies teaches that excess adiposity 
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TABLE 2 


Biometric Constants for Age 





ASTHENICS 


INTERMEDIATES 


PYKNICS 


DYSPLASTICS 





White Males . 


Negro Males . 


.N 


.N 


184 
55.11+0.86 
54.55+1.08 
17.320.61 
31.4321.21 

22-97 


81 
62.90+1.36 
67.31+1.71 
18.17+0.96 
28.89+1.65 

19-91 


99 
48.13+1.21 
43.251.52 
17.90+0.86 
37.20+2.01 


21-04 


55 
52.64+1.71 
53.5022.15 
18.84+1.21 
35.80+2.58 

21-85 


196 
58.27+0.80 
58.65+1.01 
16.680.57 
28.62+1.05 

20-93 


60 
68.00+ 1.26 
70.00+ 1.59 
14.530.89 
21.36+1.37 

33-92 


133 
57.330.89 
56.8a+1.12 
15.26+0.63 
26.62+1.18 

24-97 


86 
59.65+1.16 
59.04+1.46 
15.97+0.82 
26.78 1.47 

21-90 


85 
62.4121.04 
61.47+1.30 
14.15+0.73 
22.68+1.23 


35-93 


45 
65.67£1.15 
66.331.44 
11.43+0.81 
19.90 1.47 

32-86 


31 
58.231.52 
58.64+1.90 
12.5421.07 
21.5421.93 
31-84 


35 
66.142+1.70 
69.29+2.13 
14.88+1.20 
22.50 1.90 


30-91 


84 
60.71 1.25 
63.81+1.56 
16.92+0.88 
27.87+1.56 

12-85 


38 
60.79+1.04 
63.00+2.43 
17.72+1.37 
20.14+2.44 

16-91 


34 
51.47=2.49 
51.67+3.12 
21.5421.76 
41.85+3.98 

15-94 


26 
55.00+3.03 
60.00+3.79 
22.872.14 
41.58+4.51 

17-85 
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is prejudicial to longevity, but mostly the excess adiposity with which 

they are dealing is nutritional in origin. On the other hand there is some 

evidence that the true constitutional pyknic habitus of body is not 
only not harmful but may in fact be favorable to longevity. 

It may be possible to throw a little light on the question so far as 
concerns the present material by asking the following question: How 
does the actually realized mean duration of life in the several bodily 
habitus groups in the present material compare with that to be expected 
from general population life tables for comparable groups? The data 


TABLE 3 


Achieved and Expected Mean Duration of Life 








n 
w 
= me me Ck = 8 
gee. gin gh HEE 82., 
x a ES 2 + as = | g 3 a z& @ on 
eS : oS & > eas Soe a & z= 
Rms ae < F er <s a < < <& 
GROUP Seen S eS s$ -«6s 3 o S 
2 S SBaus 8348 +2,8<8 # B S 
A S<RRS <9S SSK<GKSSRSES 
pEeG zhe 26 gqze” paBE~ 
| ied bh 
a 
Negro female pyknics ........... 30 58.31 66.14 +7.83 +13.4 
Negro male intermediates ........ 24 51.61 57-33 +5.72 +111 
Negro female intermediates ...... 21 54.56 50.65 +5.090 +93 
Negro male dysplastics .......... 15 48.10 51.47 +3.37 + 7.0 
Negro female dysplastics ........ 17 52.77 55.00 +2.23 + 4.2 
Negro male pyknics ............. 31 56.00 58.23 +2.23 + 4.0 
White female intermediates ...... 33 67.63 68.00 +0.37 + 0.5 
White male dysplastics ........ 12 61.56 60.71 —o85 —14 
White female pyknics ........... 32 67.40 65.67 —1.73 — 2.6 
White female asthenics .......... 19 64.71 62.90 —1.81 — 28 
Negro female asthenics .......... 21 54.56 52.64 —I92 — 3.5 
Negro male asthenics ........... 21 50.21 48.13 —2.08 — 41 
White female dysplastics ........ 16 64.25 60.79 —346 — 5.4 
White male pyknics ............. 35 66.08 62.41 —3.67 — 5.6 
White male intermediates ....... 20 62.71 58.27 —4.44 —7.1 


White male asthenics ............ 
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necessary to discuss this question are given in Table 3, which has been 
constructed on the same principles, and by the use of the same life 
tables, as were used in forming Table 3 of our earlier endocrine paper.* 
The items in the table are arranged in descending order of percentage 
gain (or loss) in mean life duration as compared with expectancy. 

The most striking result shown by Table 3 is that all four asthenic 
groups in this material failed to achieve as great average duration of 
life as would be expected from the life table experience of comparable 
groups of the general population, by amounts ranging from 2.8 to 12.7 
percent of expectancy. Oz the other hand the intermediates, with the 
sole exception of the white males, equalled or exceeded in their actual 
mean duration of life the expectancy of comparable general population 
groups. The pyknics and dysplastics showed different results according 
to race, the Negroes exceeding, and the whites falling short of their 
respective life table expectancies. In the present arrangement of the 
material, just as in our earlier paper,? the Negroes in general tend to 
exhibit a greater excess of achieved mean life duration over the life 
table expectations of life for comparable groups than do the whites. 
Possible reasons for this result are discussed in the earlier paper and 
need not be repeated here. 


BODY LENGTH 


As was pointed out and discussed in our earlier paper*? body length 
measured on the cadaver is not the same thing as stature measured on 
the living body. This point should be kept in mind throughout the 
discussion that follows, wherever body length is involved. 

The biometric constants for body length by bodily habitus groups 
are given in Table 4. 

From Table 4 the following points may be noted: 


1. In the whites, both male and female, and in the Negro females, 
the asthenics exhibit the highest mean body length, as would in general 
be expected from the consideration that the asthenic type represents 
a preponderantly longitudinal habit of growth. In each of these three 
cases the difference between the asthenic mean body length and the 
mean for the bodily habitus group showing the shortest body length 
is statistically significant, amounting in each case to well over four 
times its probable error. In the Negro males the intermediate bodily 
habitus group shows the highest mean body length, but this mean is 
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TABLE 4 


Biometric Constants for Body Length 





ASTHENICS INTERMEDIATES PYKNICS DYSPLASTICS 





White Males N 


180 


. 171.97+0.33 
. 171.60+0.41 


6.51+0.23 
3.7820.13 
15571904 


80 


. 1§9.1920.47 
. 158.370.59 


6.27+0.33 
3.040.21 
140-176 


08 


. 168.880.46 
. 169.00+0.58 


6.77+0.33 
4.01+0.19 


151-185 


55 


. 159.86+0.59 
. 1§9.8320.74 


. «percent 


6.532£0.42 
4.080.26 


144-172 


192 
170.830.33 
169.71+0.42 

6.870.24 
4.020.14 
154-190 


58 
156.81+0.70 
157.500.87 

7850.49 
5.00+0.31 
137-172 


129 
170.950.42 
170.93+0.53 

7-12+0.30 
4.17+0.18 

156-190 


86 
158.66+0.50 
158.330.63 

6.89+0.35 
4.340.22 


145-177 


84 
169.580.44 
169.62+0.55 

5.9420.31 
3.500.18 
158-185 


45 
158.61+0.72 
157.500.90 

7.14£0.51 
4.50+0.32 
146-183 


29 
167.50+0.85 
168.931.07 
6.82+0.60 
4.07+0.36 
153-178 


35 
157.21+0.73 
156.390.92 

6.4320.52 
4.09+0.33 
145-171 


84 
170.30+0.68 
171.67+0.86 

9.300.48 
5.460.29 
122-193 


38 
153.030.86 
153.00+ 1.08 

7.85+0.61 
5.130.40 
127-168 


34 
167.06 1.22 
167.50+1.53 

10.530.86 
6.3020.52 
146-184 


24 
154.171.19 
156.00 1.49 
8.6a+0.84 
5-590.55 
122-165 
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not significantly greater than the shortest mean body length in the 
Negro males, which is found in the dysplastic group. 

2. The lowest mean body length is found in the pyknic group, 
where on general grounds it might reasonably be expected, only in the 
white males. In the other three race-sex divisions of the material it falls 
in the dysplastic group. 

3. All of the body length distributions are substantially symmetrical, 
the difference between mean and mode being statistically significant in 
none of the cases. 

4. The Negro males exhibit shorter mean body lengths than the 
white males in all bodily habitus groups except the intermediate, but 
generally the differences are not statistically significant. The Negro 
females, on the other hand, have insignificantly greater mean body 
lengths than the white females, except for the pyknics where the Negroes 
are shorter. 

5. There are no striking or significant differences in absolute 
(standard deviation) or relative (C. of V.) variability in body length 
between the several bodily habitus groups, except for the fact that the 
dysplastics are uniformly much more variable in respect of this character 
than any of the other groups. Quite evidently the dysplastic group, 
as here constituted, is not a homogeneous one. 

It is of some interest to compare the present data as to body length 
with Plattner’s® for Swiss schizophrenes, and Pearl and Ciocco’s® for 
American cardiac and non-cardiac hospital patients. This is done for 
the “pure” bodily habitus types (white males only) in Table 5. In 
this table the series are arranged, under each of the four constants, in 
descending order of values for the asthenic group. 

Table 5 brings out some interesting peculiarities of the four series 
compared, partly resting on true biological differences between them, 
but probably also resting partly on differences of procedure and judg- 
ment in classifying the material according to somatologic types. Thus 
while among the asthenics the Pearl-Ciocco non-cardiac series is the 
tallest, among the intermediates and pyknics the present data give the 
largest mean. Plattner’s schizophrenes show consistently the lowest 


* Plattner, W. K6rperbauuntersuchungen bei Schizophrenen. Ziirich (Fiissli) 
1932. Pp. 347. [Arch. d. Julius Klaus-Stiftung, Ergénzungs-Bd. zu Bd. 7, 1932]. 
* Pearl, R., and A. Ciocco. Studies on constitution. II. Somatological differences 
associated with diseases of the heart in white males. Human Burotocy, Vol. 6, 


pp. 650-713, 1934. 
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he TABLE 5 
P, Comparison Table relatwe to Stature (or Body Length) 
he in Bodily Habitus Groups. 
lls White Males 
al, CONSTANTS AND SERIES ASTHENICS INTERMEDIATES PYKNICS 
in 
he Means (cm.) 
ut Pearl and Ciocco. Non-cardiacs ..  180.3521.72 170.13 .92 162.50+1.74 
TO Pearl and Ciocco. Cardiacs ...... 176.88+1.72 168.39 .56 168.090+ .096 
dy Present data .............. 171.97+ 33 170.88+ .83 169.58+ .44 
eS Plattner. Swiss schizophrenes ... 165.5 + 86 1680 1.10 162.4 +1.05 
ite Unweighted averages ....... 173.7 169.3 165.6 
th 
he Standard Deviations (cm.) 
fer Pearl and Ciocco. Cardiacs ...... 7.6321.22 6.54 .40 584+ .68 
Ip, Plattner. Swiss schizophrenes... 7.02+ 61 6.51 .78 5.15 .74 
Preset Gate <isecsccvevces 6.51+ .23 687+ .24 5.94+ .31 
th Pearl and Ciocco, Non-cardiacs .. 6.244 1.21 8.372 .65 6.331.23 
‘or 
_ Unweighted averages ....... 6.85 7.00 5.82 
In a er MAE 
_ Coefficients of Variation (percent) 
in 
Pearl and Ciocco. Cardiacs ...... 4.31 .73 3.882% .24 3.472 .40 
ies Plattner. Swiss schizophrenes.... 4.242 .37 3882 .47 3.17 .46 
m Ween GH. .. visi ccsicdctous 3.78+ .13 4.02+ .14 3.50+ .18 
ig- Pearl and Ciocco. Non-cardiacs .. 3.46% .67 4.92 .38 3.90 .76 
us Unweighted averages ....... 3.95 4.18 3.51 
‘he 
he Ranges (cm.) 
est Present data .............. 39.0 36.0 27.0 
Plattner. Swiss schizophrenes .... 25.3 23.3 15.9 
1i) Pearl and Ciocco. Cardiacs ...... 23.9 33.9 19.1 
2). Pearl and Ciocco. Non-cardiacs.... 13.8 33-7 12.3 
ces 





6, Unweighted averages ....... 25.5 31.7 18.6 
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means in all habitus groups, though many of the differences are not 
significant. This undoubtedly reflects a definite racial difference to 
the other three groups compared. 

The general tendency is for mean stature (or body length) to de- 
crease as we pass from asthenics, through intermediates, to pyknics. 
This tendency is clearly shown in the unweighted averages of the four 
series of means. The only exception to the rule is Plattner’s data, 
where the intermediates have an insignificantly greater stature than the 
asthenics. 

The variability in stature (or body length), whether measured by 
standard deviation, coefficient of variation, or range, tends to be lower 
in pyknics than in asthenics. In this respect morphology in a sense 
parallels the psychological characteristics of the two groups; asthenics, 
on the whole, tending to be less stable and placid mentally and tempera- 
mentally than pyknics. 


BODY WEIGHT 


The biometric constants for body weight (including body weight 
ratio)" by bodily habitus types are given in Table 6. 

As would be expected from the general characteristics of the several 
bodily habitus types the mean body weight increases as we pass from 
asthenics to intermediates to pyknics, with the dysplastics falling gener- 
ally between the asthenics and the intermediates in mean body weight. 

A comparison of means and medians indicates that the distributions 
are substantially symmetrical in the “pure” somatological types. The 
dysplastic distributions exhibit a somewhat greater tendency to skewness. 

There is no regular or striking differentiation between the “pure” 
types in respect of variation in body weight. But the dysplastics are 
plainly more variable in this character than the pure types. This 
tendency reflects again the heterogeneity of the dysplastic group, to 
which attention has already been called. 

Tables 7 and 8 are comparative tables similar to Table 5, but for body 
weight and body weight ratio respectively. 


"This index of body build, which gives the mean weight in kg. of the average 
10 cm. thick horizontal section of the body, has been discussed at length by 
Pearl and Ciocco’, and Pearl, Gooch, and Freeman.’ 
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TABLE 6 
Biometric Constants for Body Weight 
ASTHENICS INTERMEDIATES PYKNICS DYSPLASTICS 
White Males N 180 191 81 79 
0 ae (kg.) 43.83+0.39  55.63%0.52 70.56%+0.97 52.97+1.10 
Median ..... (kg.) 43.142+0.49 54.45+0.66 60.421.22 51.32+1.38 
Bee xewsiee (kg.)  7.702+0.27 10.71+0.37 12.96+0.69 14.530.78 
0 Se percent 17.5720.64 19.260.69 18.37+1.01 27.4321.58 
ee (kg.) 28-70 30-96 44-115 18-95 
Body weight ratio 2.55 3.26 4.16 3.11 
White Females N 81 59 44 36 
eer (kg.) 33.9220.52 43.01+0.83 65.00+1.56 41.3902+1.82 
Median ..... (kg.) 33.56-+0.66 42.25+1.04 63.00+1.06 37.502.28 
Me she bo (kg.) 6.990.37 9.40£0.59 15.371.11 16.19+1.29 
CW aieed percent 20.62+1.14 22.01+1.43 23.65+1.79 39.11%3.55 
a (kg.) 20-58 24-64 28-102 16-100 
Body weight ratio 2.13 2.74 4.10 2.71 
Negro Males N 98 124 28 31 
ee (kg.) 40.920.41 54.84+0.61 72.86+1.46 49.84+1.79 
Median ..... (kg.) 40.78-0.51 54.580.77 71.00+1.83 46.82+2.24 
TR gen da (kg.) 6.000.29 10,090.43 11.451.03 14.78+1.27 
See percent 14.67+0.72 18.40+0.81 15.7221.45 29.66+2.76 
Range ...... (kg.) 21-56 34-77 54-105 26-85 
Body weight ratio 2.42 3.21 4.35 2.98 
Negro Females N 55 84 35 25 
Mean ...... (kg.) 35.550.61  46.67+0.73  63.00+1.36  42.60+1.59 
Median ..... (kg.) 35.3020.77 46.4320.92 63.2I+1.70 42.27+1.99 
De kacens (kg.)  6.72+0.43 9.980.52 11.90+0.96 11.7621.12 
= Se percent 18.91+1.26 21.39+1.16 18.90+1.58 27.60+2.83 
ee (kg.) 23-52 29-67 41-86 16-74 
Body weight ratio 2.22 2.94 4.01 2.76 
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TABLE 7 
Comparison Table relative to Body Weight in Bodily Habitus Groups 
White Males 
CONSTANTS AND SERIES ASTHENICS INTERMEDIATES PYKNICS 
Means (kg.) 
Pearl and Ciocco. Cardiacs ...... 59.29+2.42 66.83 .93 90.29+3.13 
Pear! and Ciocco. Non-cardiacs .. 58.334.15 64.19 .990 74.83+2.08 
Plattner’s Swiss schizophrenes . 54.4 + .77 68.1 +£1.38 79.2 +3.18 
Prepemt Gate ..cccccccccne 43.838+ .39 55.63+ 52 70.56+ .97 
Unweighted averages ....... 53.96 63.69 78.72 
Standard deviations (kg.) 
Pearl and Ciocco. Non-cardiacs .. 15,082.94 8.96 .70 7.5621.47 
Pearl and Ciocco. Cardiacs ...... 9.49+1.71 10.65+ .66 19.132.21 
Pwememse GROW cc cccccccccce 7.70+ .27 10.71+ .37 12.96+ .69 
Plattner’s Swiss schizophrenes . 6.27 .55 8.15 .97 15.66+2.25 
Unweighted averages ...... 9.64 9.62 13.83 
Coefficients of variation (percent) 
Pearl and Ciocco. Non-cardiacs . 25.85+5.36 13.961.12 10.10+1.99 
PUGS GOR cc cccccoseces 17.57+ .64 19.26+ 69 18.37+1.01 
Pearl and Ciocco. Cardiacs ...... 16.01+2.96 15.041.01 21.19+2.56 
Plattner’s Swiss schizophrenes ..  11.531.00 11.97+1.42 19.77+2.85 
Unweighted averages ....... 17.74 15.28 17.36 
Range (kg.) 
Presemt Gata ....ccccceces 42 66 71 
Pearl and Ciocco. Non-cardiacs .. 41.2 50.0 19.1 
Pearl and Ciocco. Cardiacs ....... 31.1 53.6 68.0 
Plattner’s Swiss schizophrenes .. 24.5 26.3 47.0 
Unweighted averages ....... 34.7 49.0 51.3 
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TABLE 8 
Comparison Table relative to Body Weight Ratio 


in Bodily Habitus Groups 
White Males 





CONSTANTS AND SERIES ASTHENICS INTERMEDIATES PYKNICS 





Means (kg. per 10 cm. of stature) 





Pearl and Ciocco. Cardiacs ...... 3.35 3.97 5.37 
Plattner’s Swiss schizophrenes .. 3.29 4.05 4.88 
Pearl and Ciocco. Non-cardiacs .. 3.23 3.77 4.60 
PUGS GO ci kb eesctieesas 2.55 3.26 4.16 

Unweighted average ....... 3.11 3.76 4.75 





From Table 7 it is evident that generally mean body weight rises 
as we pass from asthenics to intermediates and from intermediates to 
pyknics. This is true in each of the four series compared and therefore 
necessarily so for the averages. Pearl and Ciocco’s cardiacs are the 
heaviest in all habitus types except the intermediate, and the present 
material the lightest in all habitus types. This latter relation is in part 
at least a reflection of the fact that in the present material we are 
dealing with dead bodies rather than living as in the other series. 

The variability in body weight, when measured in absolute units, 
tends to be markedly greater in the pyknics than in either of the other 
two types, as would be expected from the greater absolute body weights 
of the pyknics. But when measured by the coefficient of variation the 
relative variability in body weight is not strikingly different in the 
three habitus types. 

The mean body weight ratios of Table 8 are strikingly smooth and 
regular in their trends, increasing in all the series from roughly % to 
4% of a kg. per 10 cm. of stature as we pass from asthenics to inter- 
mediates, and from roughly 8/10 to well over 1 kg. per 10 cm. of 
stature as we pass from intermediates to pyknics. With the exception 
only of the intermediates Pearl and Ciocco’s cardiac series has the 
highest body weight ratio of all the series compared, in all habitus 
types. The present material shows the lowest body weight ratio in all 
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habitus types, again at least probably partly due to the fact that the 
data were taken on cadavers. 

The present material yields a somewhat unexpected result respecting 
the correlation between body length and body weight in the three 
body habitus types. The coefficients are set forth in Table 9, all the 
correlations being linear well within the errors of sampling. The pur- 
pose of computing these correlations was primarily to see whether 
the actual observations would accord with the trend to be expected 
on a priori grounds of the highest stature-body weight correlations 
in the asthenics, the lowest in the pyknics, and values between these 
extremes in the intermediates. 


TABLE 9 


Coefficients of Correlation between Body Length and Body Weight 





ASTHENICS INTERMEDIATES PYKNICS 
N r N r N r 





GROUP 





White males ... 178 +.39090%.05I 191 +.540-+.049 81 +.5242+.075 
White females .. 80 +.370+.075 58 +.602.089 44 +.397+.102 
Negro males .... 08 +.374+.068 123 +.521+.061 27 +.5482+.130 
Negro females .. 55 +.188+.091 84 +.502+.074 35 +.308.114 





Unweighted 
averages .... ... +.333 wines +.54I - +.444 





The actually observed correlation results of Table 9, though gener- 
ally quite smooth and regular, plainly do not accord in their trends 
with the expectation based upon the linear and lateral growth re- 
lationships in the several habitus types. So far from the stature-body 
weight correlations being highest in the asthenics they are, on the 
whole, the lowest. While most of the differences between individual 
pairs of coefficients in the table are not statistically significant, the 
general trend of the results is plain. We are unable to explain the 
somewhat paradoxical result. Possibly it is again connected in some 
obscure manner with the fact that we are dealing with autopsy 
material. 
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SOMATOLOGICAL HABITUS TYPE DISTRIBUTIONS 


In Table 10 are presented percentage frequencies of habitus types 
from various series of observations for comparison with the present 
material. The mode of presentation is uniform for all series, the 
percentages having been computed by us from the original data accord- 
ing to the following plan: First the percentage of persons recorded 
as dysplastic is calculated on the basis of the total number of observa- 
tions and set down in the last column; then the percentages of asthenics, 
intermediates, and pyknics are calculated on the basis of the total 
number of persons recorded as falling into “pure” types. In other 
words the percentages of asthenics, intermediates, and pyknics as set 
forth in Table 10 add to roo. The percentages of dysplastics have 
no relation to the percentages preceding them in the first three columns 
of figures, but represent the proportion of dysplastics in the total 
series of “pure” types + dysplastics. This procedure is in accord with 
the writer’s general concept that dysplastics form a differentiated 
category always to be dealt with separated from “pure” types. 

Table 10 could, of course, be greatly lengthened by the inclusion 
of other series from the literature, but the number included is deemed 
sufficient to bring out the main points that we wish to discuss. 

From Table 10 it is at once evident that exact and rigorous criteria 
for somatic habitus classification do not, in fact, exist at the present 
time. Different observers, operating through the medium of purely 
qualitative judgments, reach widely different results. In the 19 series 
included in Table 10 the percentage of asthenics ranges from 6.2 to 
71.0; that of intermediates from 4.6 to 76.0; that of pyknics from 
1.8 to 89.2! It is obviously impossible to suppose that any such ex- 
tensive variation can be wholly due to real objective differences be- 
tween the groups subjected to somatological classification. Common 
experience of the extent of the normal morphological variability of 
man precludes any such view. There evidently is a large element of 
personal difference between the classifiers in their conception of what 
the categories “asthenic,” “intermediate,” and “pyknic” really mean. 
On any rational view of the case it would be expected that the distri- 
bution of frequency of individuals between the categories of asthenic, 
intermediate and pyknic would in some degree approximate to a normal 
distribution, with definitely higher frequency of the middle class 
(intermediates) than of either of the extreme classes (asthenics or 
pyknics), especially when it is remembered that asthenics and pyknics 
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110 HUMAN BIOLOGY 


are expressions of real biological extremes in growth tendencies,” and 
if it be postulated as it usually is that the sample typed is a reasonably 
random sample of a reasonably homogeneous population. Such ex- 
tremely skewed distributions as those of Kretschmer’s Schwabian 
cycloids and schizophrenes suggest to the biometrician that either defi- 
nite, direct selection relative to somatic habitus played a large role 
in the formation of the sample, or that the working concepts of the 
habitus type categories were extremely elastic ones. 

It is difficult to think of anything that would more clearly demon- 
strate than Table 10 does the great need for more precise and objective 
criteria in somatological classification. We feel in this laboratory after 
long and varied experience that our standard method** of typing 
against a dual scale for trunk and limbs separately, while by no means 
ideal or perfect, is a small step in the right direction. It is particularly 
useful in enabling a more precise and logical definition of dysplasticity. 
In the 11 series of Table ro in which any attempt was made to dis- 
tinguish dysplastics the recorded percentages range from 0 to 44.8 per- 
cent of the total sample. Here again such a range of variation violates 
common sense. On our plan of typing the definition of what degree of 
asymmetry of development exists as between trunk and limbs may 
be set at any point quantitatively that one desires. Perhaps we have, 
in our practice, set it at too fine a point—that is so as to mark off for 
the dysplastic category too small a degree of asymmetrical development 
—but if this should prove to be the consensus of opinion the definition 
can be easily altered to make a coarser discrimination. But in any case 
we have a perfectly clear, logically quantitatively defined conception of 
what we mean by dysplasticity. 


BIOMETRIC CONSTANTS FOR ENDOCRINE ORGAN ABSOLUTE WEIGHTS 
BY SOMATIC HABITUS TYPES 


In Tables 11-14 inclusive are set forth, for permanent record and 
future reference, the biometric constants for the weights of the several 
endocrine organs. We do not propose to discuss in detail the data of 
these tables, for the reasons first that the absolute weights of these 
organs have been discussed in detail in our earlier paper and second that 
it appears to us that relative endocrine weights are much more signifi- 
cant and important than absolute weights in connection with the somatic 
habitus problem. 


* See Pearl’s’ Constitution and Health for a discussion of this point. 


TABLE 11 
Mean Endocrine Organ Weights 
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Table 11 gives the means ; Table 12 the medians ; Table 13 the stand- 
ard deviations; and Table 14 the coefficients of variation and ranges. 
In these tables, as was the case in our previous study,” definitely patho- 
logical organs have been excluded. In Table 11 the figures in brackets 
in each cell denote the number of individuals in the distribution from 
which the constant was computed. These same bracketed figures 
apply to Tables 12, 13 and 14, and are therefore not repeated. In Table 
14 the figures in brackets denote the minimum and maximum observa- 
tions, that is the range. 

As would be expected there is evident a tendency for the mean 
weights of the endocrine organs to increase as we pass from asthenics 
to intermediates and to pyknics. The same trend is shown in the 
table of median endocrine weights. As the body weight increases, on 
the average, from habitus group to group the mean weight of all the 
endocrine organs tends also to increase. 


RELATIVE ENDOCRINE ORGAN WEIGHTS 


The real and significant problem of the present investigation is 
concerned with the relative endocrine gland supply, quantitatively con- 
sidered, of the three bodily habitus types. How does the quantitative 
endocrine organ pattern of the asthenics differ from that of the pyknics, 
if at all; and how do the patterns of each of the extreme types differ 
from that of the intermediates? Or, put in another way, do the pyknics, 
on the average, carry a greater or smaller dosage of endocrine organ 
tissue than do the asthenics, per kilogram of total body weight in 
each case? The answer to these questions is needed not only for the 
endocrine system as a whole, but also for each of the endocrine organs 
separately. 

To this problem the present section of this paper is devoted. Table 
15 gives the mean number of milligrams per kilogram of total body 
weight for each of the seven endocrine organs separately, and for the 
sum of them altogether. In the case of the paired organs (adrenals and 
gonads) the weights of right and left organ have been added together 
for the computations of Table 15 (and Table 16). 

Table 16 gives the mean number of milligrams per kilogram of 
relative body weight (i. e. kilograms of body weight per 10 cm. of 
body length) for each endocrine organ separately and for the sum of 
all of them together. 


TABLE 14 





Coefficients of Variation and Ranges of Endocrine Organ Weights 
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Since the means of Tables 15 and 16 were computed from the means 
of Tables 4, 6, and 11, and not from distributions of individual varia- 
tion of relative endocrine weights, the estimation of probable errors 
presented some difficulties. 

The procedure adopted was as follows: The standard deviations 
of the distributions of the relative endocrine figures (indices) were 
obtained from the formula 





my, 





1 vy? + v2? — 2r120,0, (i) 
mM, 
This is the well known approximate formula,”° in which m denotes a 
mean, v = o/m, and r the coefficient of correlation, and, in the present 
case the subscript 1 denotes an endocrine organ weight and the subscript 
2 the total body weight. The expression (i) neglects higher moments, 
but the probable errors obtained by its use will be of at least the same 
order of magnitude as those that would be obtained from the actual 
uncalculated frequency distributions of indices. Since unpublished 
computations show that body weight is not substantially correlated with 
endocrine organ weights we have taken r in (i) as zero throughout. 
The error made by so doing is in the conservative direction since its 
tendency is to make the values of the resulting probable errors larger. 
Since it appeared probable that the correlation between right and left 
adrenals and right and left gonads would be high—this being usually 
the case for symmetrical paired organs—the v’s used for adrenals and 
gonads were taken as the means of the v’s for the right and left organs. 
In calculating the probable errors of Table 16 uv for the body weight 
ratio was obtained by the formula 





y Vy" + Ve? — 27,,01V2./(1I + v2” — 7120,V2) (ii) 

In (ii) r was given the mean values of Table 7 in Pearl, Gooch and 
Freeman :? namely, for White males +.317; White females +-.393; 
Negro males +.350; Negro females +-.198. 

The probable errors for the total endocrine system were obtained 
from the probable errors of the separate organs by the formula 

Cae ag + af be 2. cccc + 2ri2 €, & + ....-. (iii) 
in which the r’s are assumed equal to zero. 


* Cf. Pearl, R. Introduction to Medical Biometry and Statistics. Second Edit. 
Philadelphia (Saunders) 1930, p. 361. 
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Fic. 1. SHOWING THE QUANTITATIVE DosaGe oF ENDOCRINE ORGAN TISSUE IN 
RELATION TO Bopy WeEIcHT (MILLIGRAMS OF ENDOCRINE ORGAN WEIGHTS PER 
Kc. or Torat Bopy WeiIcHtT) IN THE THREE Bopy Hasitus Types 


In this diagram and in Fig. 2 the abbreviations have the following significance : 
AD =adrenals; EP = epiphysis; HY = hypophysis; PA = parathyroids; 
TE = testes; TH = thyroid; TM = thymus; OV = ovaries; Ast. = asthenics; 
Int. = intermediates; Pyk. = pyknics. The observed points are connected with 
broken lines to indicate that the variation between the points is not continuous. 
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ENDOCRINE ORGANS I2I 


The data of Tables 15 and 16 are shown graphically in Figs. 1 and 2. 

Tables 15 and 16 and Figs. 1 and 2 give a quantitative picture of the 
endocrine organ system pattern in the three defined types of bodily 
habitus. The thing that is most immediately striking about the results 
is their great regularity and inter-conformity in the four race-sex groups 
into which the material is divided. There are, broadly speaking, no 
exceptions to the general rule made apparent from the examination of 
any one group. We see exemplified in the clearest manner those general 
relations of endocrine pattern brought out in our earlier work.2 Thus 
is seen the greater relative weight in proportion to body weight of the 
thyroid, adrenals, hypophysis, epiphysis, and parathyroids in the females 
as compared with the males in both whites and Negroes; the greater 
proportionate weight of the thyroids in the Negroes as compared with 
the whites in both sexes, etc. 

But the most significant result that emerges is the uniformity of the 
trends of endocrine weights relative to body weight in the three “pure” 
bodily habitus types. The lines of Figs. 1 and 2 slope definitely down- 
wards as we pass from asthenics through intermediates to pyknics for 
all but one of the endocrine organs, while for that one—the thymus—the 
line equally definitely slopes upwards. This means that the average 
quantitative dosage of endocrine organ tissue per kg. of body weight 
is greatest in asthenics, less in intermediates (“athletics”’ of Kretschmer) 
and least in pyknics so far as concerns adrenals, thyroid, parathyroids, 
hypophysis, epiphysis, and gonads; while the relative dosage of thymus 
tissue is least in asthenics, greater in intermediates, and greatest in 
pyknics.** As a comprehensive, whole picture of endocrine organ system 
pattern relative to bodily habitus types these results are, so far as we 
are aware, entirely novel, and appear to be of considerable importance in 
contributing to a more penetrating understanding of the physiology of 
somatological constitution. 

In order that quantitative significance of the relationships just set 
forth between endocrine organ tissue and bodily habitus may be critically 
appraised Table 17 has been prepared. This table compares the two 
extreme habitus types—asthenics and pyknics—on the basis of the data 


“It is, of course, to be kept in mind that the weight of the thymus gland 
does not by any means represent solely active glandular tissue, though in part 
it does. In our former paper (loc. cit. supra) Table 52 (p. 591) shows that 
the mean percentage of active glandular thymus tissue ranges, in different groups, 
from 4.99 percent to 30.31 percent. The remainder of the gland consists in con- 
siderable part of fatty tissue. 
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of Table 15. The discussion is confined to these extremes because of 
our conviction, as argued by Pearl* and others, that they alone appear 
to have definite and reasonably precise biological meaning. They repre- 
sent the extreme expressions of the contrasting tendencies towards 
longitudinal and lateral growth. The intermediates are biologically only 
what the name implies, individuals in which the two contrasting growth 
tendencies are both represented in such degree as more or less to balance 
each other. 

Table 17 is constructed in the following manner: The first column 
of figures for each of the four race sex groups gives the percentage which 
the difference between the asthenics and pyknics (as given in Table 15) 
is of the value for the asthenics, this percentage difference being given 
a minus sign (—) when the relative endocrine weight is smaller in the 
pyknics than in the asthenics, and a plus (+-) sign when the relative 
endocrine weight is greater in the pyknics than in the asthenics. The 
second column of figures in each race-sex panel gives the ratio 
Difference/Prob. error of difference for the absolute (not percentage) 
difference between the means for asthenics and pyknics as given in 
Table 15. An example will make precisely clear how Table 17 was 
constructed and is to be read: The asthenic Negro females show in 
Table 15 a mean of 150 + 9.7 milligrams of ovaries per kg. of body 
weight, and the pyknic Negro females a mean of 74 + 8.7 milligrams. 
150 — 74 = 76 + 13.0 mgm., the absolute difference. 7600/150 = 
— 50.7, the percentage difference shown in the appropriate cell in the 
first column of the Negro female panel of Table 17. 76/13 = 5.8, 
the value entered in Table 17 under “Error ratio.” 

The results set forth in Table 17 are plain and convincing. In every 
one of the 32 comparisons in this table the difference between the 
asthenic and pyknic mean relative endocrine organ weights is more than 
three times its probable error, and in all but a few cases a great deal 
more. In percentage terms the pyknics differ from the asthenics in 
their relative quantitative endocrine equipment by amounts ranging 
from around ro percent to over 90 percent. The pyknics are relatively 
most under-supplied with adrenal, hypophysis, and epiphysis tissues as 
compared with asthenics, and most over-supplied with thymus tissue. 
Owing to the fact that in the case of all the other endocrine organs 
studied except the thymus the pyknics are relatively deficient as compared 
with the asthenics, it results that the pyknics have a smaller endocrine 
system in total per unit of body weight than the asthenics, the excess 
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TABLE 17 
Percentage Differences and Ratio of Absolute Differences to their 


Probable Errors between Asthenics and Pyknics in Endocrine 
Organ Weights relative to Total Body Weight 





WHITE MALES WHITE FEMALES NEGRO MALES NEGRO FEMALES 





GROUP Percent. Error Percent. Error Percent. Error Percent. Error 
Diff. Ratio Diff. Ratio Diff. Ratio Diff. Ratio 





Total endocrine system —10.6 5.1 —13.6 39 —103 3.1 —I9.2 5.3 


WEE Sc sieuvccved —25.9 97 —318 86 —32.7 7.1 —41.3 122 
MEE hs Gas skcweats —18.5 56 —323 59 —204 42 —241 3.8 
Parathyroids ........ —16.9 39 —428 87 —33.5 58 —223 3.2 
Hypophysis ......... —34.6 171 —428 15.1 —37.3 13.5 —37.6 11.0 
DEE cx vcsbesgks —16.2 49 —438 53 —202 38 -—507 58 
Sc cassandans —268 690 —309 83 —401 68 —523 68 
WED whic Sve exes +341 40 +608 5.3 +018 5.1 +55.0 4.4 





of thymus weight in the pyknics not being alone able to compensate the 
accumulated relative deficiencies of the other organs. The relative defic- 
iency of endocrine tissue in pyknics as compared with asthenics is greater 
in females than in males in respect of all of the endocrine organs show- 
ing pyknic deficiencies—i. e., all the organs except the thymus—save in 
the case of the Negroes relative to parathyroids. Relative to all the pyk- 
nic deficient endocrine organs the Negro males show greater percentage 
deficiencies than the white males. The Negro females exhibit greater 
percentage deficiencies than the white females in respect of adrenals, 
gonads, and epiphysis but smaller percentage deficiencies relative to the 
other pyknic deficient organs. 

It is to be emphasized that the relations shown above between endo- 
crine organ dosage relative to body weight are to be understood, on the 
present evidence, to be associative only and not necessarily causal. All 
that our evidence demonstrates is that particular quantitative endocrine 
system patterns are associated with the asthenic, intermediate, and pyknic 
bodily habitus types in this material. It is possible, perhaps even some- 
what probable on general biological grounds, that the endocrine pattern 
may be in part causally involved in the demonstration of the somatic 
habitus characteristics of the individuals, but the essential point to be 
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remembered is that the purely biometric evidence we are able to present 
does not, and in the nature of the case, cannot prove this to be so. We 
think that we have conclusively demonstrated a definite association. It 
remains for other sorts of evidence, and particularly experimental evi- 
dence, to resolve the question as to whether the demonstrated association 
rests upon a causal relationship between the variables. 

In the mean time it is interesting biologically to note that the pyknic, 
whose body build is plainly nearer to the infantile type in its general 
proportions and rotundity than that of either the asthenic or the inter- 
mediate, is supplied with a relatively great excess of thymus tissue in 
proportion to body weight as compared to the other two habitus types. 
While extremely little of a positive character is known regarding the 
true physiological function of the thymus or its secretion, there remains 
the broad fact of natural history that the thymus gland is at the height 
of its activity and size in infancy and childhood and begins to involute 
around the time of puberty; although it still contains active tissue 
throughout life.** Associated with the pyknic excess of thymus dosage 
relative to body weight are the relatively large deficiencies in relative 
dosage of adrenal, pituitary and pineal tissue in the pyknics. 

We have not constructed a table corresponding to Table 17 from the 
data of Table 16 because it is obvious from a comparative study of 
Tables 15 and 16 that, primarily as a result of the rather high cor- 
relations between body length and body weight in the material, the 
only effect of introducing body length into the base for computing rela- 
tive endocrine dosage as in Table 16, is to change the scale without in 
any essential way altering the interrelationships. Fig. 2 compared with 
Fig. 1 shows this clearly. 


SUMMARY 


The most significant result of this study, apart from numerous 
details reported, is to show that in a body of material including 1272 
individuals the average quantitative dosage of endocrine organ tissue 


*In this connection see the section on the thymus in our earlier paper*. In 
the light of the prevailing opinion that the thymus continues a process of degenera- 
tion or involution throughout life after puberty it is interesting to note from 
Table 2 that in all but one (white females) of the race sex groups the pyknics 
exhibit the highest average age. Yet the pyknics have the heaviest thymus glands 
per unit of body weight. 
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per kilogram of body weight is greatest in asthenics, less in intermediates 
(“athletics” of Kretschmer’s terminology) and least in pyknics so far as 
concerns adrenals, thyroid, parathyroids, hypophysis, epiphysis, and 
gonads, while the average relative dosage of thymus tissue is least in 
asthenics, greater in intermediates, and greatest in pyknics. The differ- 
ences between the extreme types, asthenics and pyknics, in mean weights 
of endocrine organs relative to body weight are generally large in amount, 
and without exception statistically significant having regard to their 
probable errors. 
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OPERATIONAL METHODS IN PROBLEMS OF 
FISSIPAROUS PROPAGATION 


BY THOMAS H. RAWLES 
Colorado College 








maintains itself, from generation to generation, by the divi- 
sion of one or more members into a number of parts each 
of which becomes a member of the succeeding generation, 
and by the death of the number of the remaining members necessary 
to keep the population constant. [Illustrations of this fissiparous pro- 
cess can be found in economic phenomena as well as in biological. 
It is precisely what occurs when one competitor absorbs another, 
the equivalent of saying, one divides and another dies. 

The problem in which we are primarily interested is to calculate 
the probability of the existence of the population in some prescribed 
state in a future generation, assuming that its state in the initial 
generation is known. The theory which we develop will be applied 
to some related problems which suggest themselves’. 





I 


The first case to be discussed is that of a population whose laws 
of propagation are the following: 


a. In each generation one member dies and another divides. 

b. The members of the population are of two kinds whose 
rates of death and division are the same. 

c. New members are of the same kind as the member whose 
division produced them. 


*Lotka has recently discussed problems which are related in a general way 
to those considered in this paper. Journal Wash. Academy of Sciences, Vol. 21, 
No. 16, Oct. 4, 1931, pp. 377-380; Vol. 21, No. 18, Nov. 4, 1931, pp. 453-459; 
Human Brovocy, Vol. 3, No. 4, Dec. 1931, pp. 459-493. 

The method of attack has something in common with that employed by 
Watson. Natural Inheritance, Francis Galton, 1889, p. 242. 
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If in the initial generation there are P members of the x kind and 
N — P members of the y kind we shall call the function 
(1.1) So = xP y™P, 
the state of the population in that generation. In the first generation 
the population will be in the state 
I 
2 Ss; = ——— [P(N — P) «rr? —1yF¥—P +1 
(1.2) 1 N(N — 1) [P( ) ¥ 
+ (P(P—1) + (N—P) (N—P—1))s*3""* 
+ P(N — P)sP+ty¥—P—4, 
where the coefficient of + * y%—¥* represents the probability that the 
population in that generation will consist of K members of the x kind 


and N — K of the y kind. 
We next define the operator 


: 3? a 
9) 6 me cree need Ee eles ) 4 eee oe 
(1.3) 4 war 54 ax” gray aroy oy 














and observe that S; = A S,, and, more generally, that 
(1.4) S, x=: HS. 


The first observation is immediate. The second follows from the fact 
that the coefficient of any term, r*y¥—A, in S, is the sum of the 
probabilities of the different sequences of events by which the popu- 
lation could become that one which has K of the x kind and N — K 
of the y kind. Since these sequences are mutually exclusive the sum 
of their probabilities is the probability desired. 

The infinite sum, 5 = S, + eS; + e?S, + ....... , converges 
uniformly for +, y S 1 and e < d <1. In fact it is a homogeneous 
polynomial of degree N, the coefficients being functions of e. If we 
apply the operator 1 — eA to & we obtain a differential equation 


(1.5) I— cAI = S, 


a consequence of (1.4). 
The solution of this equation is unique if we limit ourselves to 


N 
homogeneous polynomials of the N-th degree, = 3 A,(e)x™y¥—. 
n—=—0 
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If the solution can be found and expanded in powers of e then the 
coefficient of e” will be S, We substitute this polynomial in (1.5) 
and, by equating coefficients of «"y"—", obtain the equations 


(1.6) Ay — A} (Ag—s (» —1) (N— 2 + 1) 
+ A,(n(n — 1) + (N—n) (N —n—1)) 
+ An + 1(m +1) (N—n—1)} = 8p",n=0,1, ...., N, 

where A = e/N(N — 1), and 8p” is the Kronecker symbol. 

The determinant of this system is D = | dy |, where 

dn, y = 1 —A (n(n—1) + (N—n) (N—n—1)), 
dngn +1 = —A(n+1) (N—n—1), 

(1.7) beni #22) OO —0 4 ¥. 


d,,j = 0,7 ~An—iI,n,n+ 1. 
Since dig = 8,°(1 — AN(N — 1)) and diy = 8*%(1 — AN(N — 1)) 
we can put 


(1.8) D= D’(1 — AN(N — 1))? 


where D’ is the determinant formed by removing the first and last 
rows and columns from D. 

In order to factor this determinant we make use of the fact that 
if each column is multiplied by the proper coefficient and added to 
the first a factor of the determinant will appear as a factor of the 
new first column. If H,(d) is the multiplier of the n-th column for 
the d-th factor we find that the following difference equation must 
be satisfied by the multipliers 


(1.9) 
Ha-, (n—1) (N—n+1) + He (—2n(N —n) + N?—N—t) 


+ Hyai1 (n +1) (N —n—1) =0, 
where I — Af, is the d-th factor of D’. 


We may take H,; = 1 and seek a solution of the form 
z= 3 hy(n — 1) *), where h, = 1, and (m — 1) *) indicates the 
product (n — 1) (n—2)..... (n — k)*. On substituting this in 


equation (1.9) we find that 


* Norlund, Differenzenrechnung, p. 353 e¢ seq. 
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hy +1 (R+1) (R+2) (N—k—2) = hy (ta—(N—k—2) (N+k+1)). 


The sequence, h,, terminates with hg_, if tg = (N —d—1) (N+ 4), 
d=1,...,N—2. If tg = 0, the sequence is infinite but summable, 
giving H, = (n — N — 1)—/n! which, by direct substitution, 
can be shown to satisfy (1.9). For any other value of ¢, hy_, becomes 
infinite if h, ~ o. 

Combining the results of the preceding paragraph with (1.8) 
we have, finally, 


(1.10) 
D=1M(1 —A(N(N —1 ) —d(d —1)), d= 0,1, 2, ...., N, 


a polynomial of degree N in A. 

We shall now represent by Cg(A) the determinant D with the 
Q-th column replaced by the right-hand members of (1.6), that is 
cjg = 8. Employing partial fractions, we have 


Bae 
1 I—A(N(N—1)—n(n—1)) 


Coe(A) nS 


(1.11) D(a) ; 








lM & 


where 


I 


© (Faye | 
(1.12) Rw = — ,J-An 
n(: _— NW—1)—iG§—) 
N(N — 1) —n(n—1) 











It should be noted that it will always be possible to cancel from Cg and 
D at least one of the factors 1 — A(N(N — 1)), and that, as a 
consequence, there are not more than N partial fractions. 

By expanding the partial fractions in power series and replacing 
\ by e/N(N — 1), we obtain the expression 


Ce(A) a % Bee == 
1 








(1.13) 4a = Sen ons ae N(N—1) 


= & dere". 


The coefficient of e” in this expansion, dg, represents the prob- 
ability that the population originally in the state of P of the x kind 
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and N — P of the y kind has Q of the x kind and N — Q of the y 
kind in the r-th generation. 


II 


The results which we have just obtained enable us to solve the 
following problem: In a population of N members, all different, to find 
the probability that in the r-th generation they will all be descendants 
of a single one of the original members. Since the events are mutually 
exclusive this probability is N times the probability that they will be 
descendants of a particular one of the original members. 

We shall represent this probability by E, and let the superscript 
I indicate that P = 1 for this problem. From (1.13) it follows 
that E, = N a'y,. The numerator, C’y(A), reduces to ((N—1) !)?A¥—, 
and the coefficients, by (1.12), become 


(— 2)°-*((N — 2) !)*(a8 — 1) 
(N—n)!(N+n—1)! 


ase, 8 .sccae 





(23) Bua = 


Finally, by (1.13), we find, 
(2.2) E, = Noa'y, = 


w (—1)*—" ((N—1)!)?(2n—1) z= n— 1) ae 


NX 
a=1 (N+n—1)!(N—n)! N(N —1) 








It can be shown that E, approaches 1 as r becomes infinite and we 
conclude: The population tends to a state in which all of the members 
are descendants of one of the original members. 

The probability that the population achieves this state in the r-th 
generation can now be calculated. It is found to be 


(2.3) E—E,-1 = N S (—1)"((N—1)!)*(2n—1) n(n — 1) 
n=1 (N + n—1)!(N—n)! N(N —1) 








(N +n—1) (N—n) J. 
N(N — 1) 








atta 


(2.2 


dx 


rs 
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The mean number of generations necessary for the population to 
attain this state is given by 


(2.4) 3% r(E, — E--1) 


(—1)"((N—1)!)*(2n—1) n(n — 1) 
2 (N+n—1)'"(N—n)! N(N—1) 


I 2 
is (N +n —1)(N —n) | 
N(N — 1) 
= Ne (—1)*((N — 1)!)?(2n— 1) N(N—1)- 
ae (N +n—1)!(N—n)! n(n — 1) 





N 











In order to evaluate this sum we introduce the auxiliary quantity 


N N'\(N — 1)! (2n — 1) 
R(N) =7% (—1)* —_—_———__? 
n=2 (N+n—1)!(N —n)! n(n — 1) 





whose first difference is 


_* (N—1)'(N—2)! 
R(N) — R(N — 1) (ae +o— hth — a 





;(—1) "(2m — I). 


Grouping the terms in an appropriate manner this difference may be 
written as 


R(N) — R(N—1) = 








a (—1)*-*(N—n) + “s (—1)¥—"*(N—n) 
es (2N—1—n) !n! n=N+1 (2N—1—n) !n! 


(—1)¥+1(N—1) !(N—2)! 


(N—1) !(N—2)! = mee 





Ld (1—1)2N—1g—¥ (—1)*~*(2N—1) ! (4—1—1) 
x (N—1) IN! z=1 





d 
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When the derivative in the last expression is evaluated we find 





(—1) 
BUN) <— RIB at) we cee ae we oe oe ane 
N(N—1) N N—1 
From this it follows that R(N) = — = +—- + R(2). But R(2) 
2 


is and we have finally R(N) = (N—1)/N. 
2 


Since Sr(E, — E,-1) = R(N)N(N — 1) we obtain the re- 


sult: The mean number of generations for a population to reach the 
state in which it consists of descendants of one of the original ones 
is (NV —1)?*. 


Ill 


This operational method can be easily extended to cover more general 
laws of propagation. If we wish to consider a population in which 
r, members die, r, remain inert and r; each divide themselves into é 
members the differential operator (1.3) is replaced by 





3 Qo 7 
a? — ae on . 
(3-1) = , 
N! 


= (k—I1)nR =O Sr = N. 





In writing the operator in this symbolic form it is understood that 
the differentials do not operate on the coefficients of the other factors 
but only on the quantity to which the operator is applied. 
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a], UE to a regrettable oversight, for which I assume full re- 
sponsibility, it was not stated that the article “Vital Data 
on the Seminole Indians of Florida and Oklahoma”, which 
=== had its original publication in Human Brotocy, Vol. 7, 
No. 3, 335- 349, Sept. 1935, will form part of a detailed report on 
“The Physical Anthropology of the Seminole Indians of Oklahoma” 
presently to be published by the Comitato Italiano pez lo Studio dei 
Problemi della Popolazione, Rome, Italy. To the Italian Committee 
and the editors of Human BIoLocy my sincere apologies. 





W. M. KroGMan 
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Banco pE LA Nact6n ArGeNTINA. Annual Report and Balance Sheet for the 
Financial Year 1934. Buenos Aires, 1935. Pp. 63. 9 X 6 inches. 
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Rasse. Archiv fiir Rassen- und Gesellschaftsbiologie, Bd. 29, pp. 42-56, 
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Gorer, Grorrrey. Africa Dances. A Book About West African Negroes. New 
York (Alfred A. Knopf), 1935. Pp. xv + 337 + viii + 32 plates. 8% X 
53% inches. $3.50. 
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kunde, Bd. 2, pp. 314-317, 1935. [10 bibliographic footnotes]. 

Jmxu, Anton. Wer waren die Amoriter? Zeitschrift fiir Rassenkunde, Bd. 2, 
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Scuwipetzky, I. Eine Nachbemerkung zu “Rassenforschung in Polen.” Zeit- 
schrift fiir Rassenkunde, Bd. 2, p. 321, 1935. 
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2. Physical Anthropology and Anthropometry 


Avcosé, S. Uber den Wert des Orbitalindex bei der Differentialdiagnose zwischen 
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Tesis del Instituto de Fisiologia, Universidad de Concepcion (Chile), Tesis 
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titles]. 

Sxertj, B. Die Leibesiibungen der Frau als bevdélkerungspolitisches Problem. 
Zeitschrift fiir Rassenkunde, Bd. 2, pp. 178-185, 1935. [Bibliography of 9 
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pp. 89-92, 1934. [Bibliography of 7 titles]. 

LipscnttTz, ALEJANDRO. Las diferencias especificas del sexo que existen entre 
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pregnancy and of the menopause. Endocrinology, Vol. 19, pp. 42-50, 1935. 
[Bibliography of 19 titles]. 

Lipscnttz, ALEXANDRE, AGUSTIN FUENTE-ALBA and TERESA ViIvALpI. Nouvelles 
recherches sur le sort du prolan injecté a la lapine. Comptes rendus des 
séances de la Société de Biologie, T. 118, pp. 226-228, 1935. [3 bibliographic 
footnotes]. 





RECENT LITERATURE 155 


LipscHttz, ALEXANDRE, J. Mena, and E. Vinats. Intervention ovarienne et loi 
de la puberté. Comptes rendus des séances de la Société de Biologie, T. 116, 
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